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New Size Journal 


Beginning with the January issue, 
the Journal of the American Welding 
Society will be published in the stand- 
ard 9 in. x 12 in. size. 

This larger size Journal has been 
adopted by practically all of the 
major engineering and scientific or- 
ganizations. The Executive Commit- 
tee felt that this standard size offered 
a number of advantages. It will per- 
mit larger illustrations and offers 
economies to advertising departments 
through the use of standard layouts. 
In turn, this will, no doubt, increase 
the revenue from advertising and 
therefore permit the publication of 
a greater amount of material. 


Lincoln Prize Competition 


The Second Lincoln Are Welding 
Prize Competition recently announced 
by that company is creating a great 
deal of interest as measured by a 
number of inquiries being received 
from all parts of the world. This 
second prize competition was an- 
nounced about two months ago and 
is designed to stimulate designers and 
engineers in every line of industry to 
consider the application of arc weld- 
ing to the manufacture of their prod- 
ucts. 41 prizes totalling $17,500 are 
to be given away. The contest will 
‘lose October 1, 1931. 


V. D. I. Publication on Welding 


On the occasion of the Annual Con- 
vention 1930 of the Verein Deutscher 
Ingenieure (Society of German Engi- 
neers) there were read before the 
Special Committee on Welding va- 
rious papers dealing with Arc and 
Oxy-Acetylene Welding. 

The editors of the “VDI-Zeit- 
chrift” (Journal of the Society of 
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German Engineers) have decided to 
publish them in a special number of 
their journal, entitled “Welding Engi- 
neering.” 

The following subjects are exten- 
sively treated the text being supple- 
mented by numerous illustrations: 

Theory of the Electric Are applied 
to Welding. 

Fatigue Strength of Welded Steel 
Joints. 

The Significance of the Welding 
Depth in Arc Welding and how to 
improve it. 

The Influence of Nitrogen on Are 
Welding. 

Progress of Welding in Steel Con- 
struction. 

Importance of Oxy-Acetylene Weld- 
ing to Apparatus Construction for 
the chemical industry. 

Progress of Oxy-Acetylene Cutting. 

Questions of Safety in Connection 
with Oxy-Acetylene Welding. . 

Arc-Welding with Three-Phase 
Current. 


Conference on Welding 


The Engineering Extension Depart- 
ment of Purdue University held its 
Sixth Annual Conference on Welding 
at Lafayette, Ind., on December 10-11, 
1930. 

This two-day educational conference 
dealt with the latest developments in 
application of welding as applied to 
manufacturing operations and main- 
tenance problems. 


Structural Welding Gains 


(Reprinted from December 13, 1930, 
issue of “Electrical World’’) 


Precedents which have been ham- 
pering the building industry for years 
are gradually giving way. Welding 
of building structures is gaining ac- 
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ceptance. Five cities, including New 
Orleans, allow it when performed ac- 
cording to the American Welding So- 
ciety code, and 88 other cities have 
adopted a similar code. According to 
a questionnaire sent out by the So- 
ciety, four concerns alone have used 
welding in constructing 91 buildings, 
involving thousands of tons of steel. 
Even bridges are being welded. 

As much as 7 per cent in steel has 
been saved by welding owing just to 
the fact that the cross-section does 
not have to be increased to offset 
rivet holes. Because gussets are not 
so essential to welded trusses as riv- 
eted types, 14 per cent reduction in 
steel has often been effected from this 
cause alone. Furthermore, no slip oc- 
curs in welded joints, as may happen 
with riveted ones, and of course the 
irritating din of rivet hammers is 
avoided. 

With these advantages of welding 
there is no logical reason why it 
should not be adopted more widely for 
building structures, provided that 
safety is assured. To this factor 
major consideration has been given 
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by the group which formulated the 
American Welding Society code and 
which knows that any failure of weld- 
ed structures will be a “black eye” to 
further extension of this practice. Its 
specifications of allowable welding 
materials, design details, permissible 
unit stresses are all aimed to assure 
adequate safety factor. But it goes 
further by requiring the examination 
of workmen to insure that they will 
produce uniformly satisfactory welds. 

When it is considered that a vari- 
ety of tests have shown that welds 
made by carefully selected operators 
will consistently show unit strengths 
in shear and tension four times the 
permissible stresses allowed by the 
code, the safety of welding seems 
pretty well protected by that instru- 
ment. Especially is this true since, 
according to numerous tests, visual 
inspection of welds by trained in- 
spectors will reveal improper welds. 

But efforts to develop a simple 
method of making field tests of welds 
in place must not relax if the legiti- 
mate field of welding is to be opened 
without further delay. 





SECTION ACTIVITIES 


BOSTON 


The meeting of the Boston Section 
held on November 14 was held at the 
plant of the Thomson Gibb Electric 
Welding Company, Lynn, Mass. Pa- 
pers on the following subjects were 
presented: “Welding of Motor Mag- 
net Frames,” “Seam Welding,” “Flash 
and Projection Welding as Applied in 
the Automobile Industry.” The speak- 
ers were Malcom Thompson, General 
Electric Company, and W. T. Ober, 
Thomson Gibb Electric Welding Com- 
pany. Demonstrations were held on 
the operation of manual and aut»- 
matic butt-spot and seam welding ma- 
chines after the discussion of the 
papers. 


The meeting for December 19 wil 
be held at 715 Tremont Temple, at 
7.30 p.m. R. A. Wolff, president, Wolff 
& Munier, Inc., will speak on “Panel 
Heating.” He will discuss this novel 
method of heating as applied to the 
new British Embassy Building in 
Washington. Motion pictures will he 
used, showing the constructing and 
installing of this equipment at Wash- 
ington. 


A joint meeting with the Boston 
Society of Civil Engineers will be held 
on January 28, 1931, at which the 
welding of the new Boston Edison 
office building will be discussed. Three 
papers will be presented and motion 
pictures and lantern slides will be 
used. 

CHICAGO 

The November meeting of the Chi- 
cago Section was a very successful 
one. Fred G. Outcault, of the Linde 
Air Products Company, read a paper 
on the “Welded Panel Heating Sys- 
tem” and showed the motion picture 
of the installation of this system at 
the British Embassy. W. V. Emery, 


of the Harnischfeger Corp., read a § 


paper showing the development of 
welding applications in the manufac- 
ture of heavy duty excavating equip- 
ment. This paper was illustrated by 
lantern slides. 

It is planned this year to have din- 
ner meetings, that is, to have the 
dinncr precede the meeting. 
CLEVELAND 

L. R. Gurley; editor of “Welding,” 
is scheduled to present a paper on 


vur aAuverisers ATe supporting the Society. 
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“The Oxy-Acetylene Process in the 
Aircraft Industry” at the December 
11 meeting, which will be held at the 
Carnegie Hall, 1220 Huron Road. 


DETROIT 


“Welding and Fabrication of Indus- 
trial Piping” will be presented by 
Walter J. Thomas of Walter J. 
Thomas & Company at the December 
18 meeting of the Detroit Section. Mo- 
tion pictures of typical pipe welding 
applications in this country, and also 
lantern slides made by Mr. Thomas 
while superintending pipe welding 
work in Russia, will be shown. Mr. 
Thomas will give a very interesting 
picture of the industrial program of 
the U. S. S. R. 


LOS ANGELES 


The November meeting was held at 
the Engineers Club on the 18th. After 
dinner motion pictures were shown 
through the courtesy of Perry F. 
Backus, local attorney and Cine-kodak 
enthusiast. Mr. Backus’ showing of 
the Hawaiian Islands in natural col- 
ors was quite a treat and the come- 
dies donated by the Eastman Kodak 
Company afforded considerable mirth. 

The local Chairman, W. A. F. Mil- 
linger, introduced an unexpected visi- 
tor, R. H. Atkinson, past Chairman 
of the San Francisco Section, who 
spoke of the activities of the San 
Francisco Section. 

The featured speaker of the eve- 

ning, Professor Arthur E. Hoare, 
University of Southern California, 
spoke on “The Welder’s Eyes.” Pre- 
ceding the doctor’s talk a picture was 
shown on the mechanical operation of 
“How We See.” Professor Hoare 
treated the subject from the welder 
layman’s standpoint. 
_R. G. Wulf, chemical engineer, con- 
tinued his lecture on “The Chemistry 
of the Welding Flame,” which cen- 
tered around the chemical constitu- 
ents of the welding flame. This is an 
educational feature which this section 
hopes to continue. 

C. Oatis, are welder, gave a short 
outline of the welding of the Dallas 
Power & Light Company office build- 
ing, which has just been completely 
fabricated by arc welding. 


NEW YORK 


_A motion picture entitled “The 
Span Supreme” was shown to the 
public for the first time through the 


courtesy of the J. A. Roebling’s Sons 
Co., at the December 16 meeting. A 
talk by C. M. Jones of the engineering 
department of the J. A. Roebling’s 
Sons Co. accompanied the showing 
of this picture. W. A. Wissler of 
the Union Carbide and Carbon Re- 
search Laboratories, Inc., and A. V. 
Harris of the Haynes Stellite Com- 
pany presented a paper which dealt 
with various applications of hard 
facing with non-ferrous alloys. This 
paper was entitled “Hard Facing.” 
WESTERN NEW YORK 


The Western New York Section 
held its regular monthly meeting at 
the Statler Hotel, Buffalo, on Novem- 
ber 10. 

This meeting was addressed by 
D. H. Deyoe, industrial engineering 
department of the General Electric 
Company. 

The subject in general was related 
to the electric welding of structural 
steel, battle-deck steel floors and a 
brief outline of recent developments 
in the application of are welding in 
general. 

Lantern slides and moving pictures 
were used. Some of these showed the 
14-story building of the Southern Cal- 
ifornia Edison Co. at Los Angeles; 
the 13-story building of the Boston 
Edison Co. at Boston and the 19-story 
building of the Dallas Light & Power 
Co. at Dallas, Texas. They also illus- 
trated the battle-deck steel floor of the 
Berkshire Garage at Pittsfield, Mass. 

The next meeting will be on Decem- 
ber 8. The subject will be “Oxy- 
Acetylene of Transmission Pipe Lines” 
by W. R. Ost of the Air Reduction 
Sales Co. 

The meeting on February 9, 1931, 
will be on the subject of “Arc Welding 
of Corrosion Resistant Steels” and 
will be addressed by R. D. Thomas, 
vice-president of Arcos, Inc. 

The meeting following will be on 
March 9, 1931, on the subject of “Au- 
tomatic Electric Welding” and will be 
addressed by G. H. Koch of the West- 
inghouse Electric & Mfg. Co. 


PITTSBURGH 


R. Kraus, supervisor of welding in- 
spection, Westinghouse Electric & 
Manufacturing Company, presented a 

‘ver on “Inspection in Relation to 
Shop Fabrication and the Erection of 
Welded Buildings, at a meeting of the 
Pittsburgh Section held last month. 
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About a hundred people were pres- 
ent, including representatives from 
the city of Pittsburgh, leading con- 
tractors, fabricators and manufactur- 
ers of steel. 

Mr. Kraus covered selection and 
training of inspectors, instructions 
for inspectors and general precau- 
tions for the safety of workmen in 
the erection of buildings. Consider- 
able discussion followed. 

A. E. Dittrich, service engineer of 
the Linde Air Products Company, pre- 
sented a formal discussion on rapid 
growth of overland pipe line welding. 
This was supplemented by two reels 
of motion pictures on pipe line weld- 
ing. 

The next meeting of this Section 
will be held on December 17. H. A. 
Woofter, chief engineer of the Swift 
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Electric Welder Company, will p: 
sent a paper on “Resistance Welding.” 
P. R. Hawthorne, consulting engin: 
will speak on “Welding Heavy Plates 
and Pressure Vessels.” 

The January meeting will be 
ranged as a joint meeting with 
Civil Section of the Engineers’ So- 
ciety of Western Pennsylvania. Prof 
F. P. McKibben, consulting engineer, 
will talk on structural steel welding 

In February a joint meeting will | 
held with the Pittsburgh Sectior 
the American Society of Mechanica 
Engineers. C. W. Obert, consulting 
engineer, Union Carbide & Carbon 
Research Corp., and honorary secre- 
tary of the A. S. M. E. Boiler Cod 
Committee, will discuss suitable pro- 
cedures and processes for the welding 
of pressure vessels. 


EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities fron 
responsible sources, announcements of which will be published without charg: 


in the BULLETIN. 


Services Available-——Under this heading brief announcements 


(not mort 


than seventy-five words in length) will be published without charge to mem- 


bers. 


Announcements will not be repeated except upon request received after 


an interval of three months; during this period, names and records will remain 


in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’ 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be addressed to the number indicated 
in each case and mailed to the Society headquarters. 


SERVICES AVAILABLE 


A-107. 


judgment. 
A-112. 


Am skilled operator. 


Pipe welder desires position. 


Welder with ten years’ experience with electric arc and acetylene on 
tanks, boilers, sheet metals, etc., desires position in Chicago. 


Can use ow! 


Have had considerable experience 0! 


welding pipe and am anxious to become connected with concern that is fabricat- 


ing pipe, such as steam heating. 


A-113. Welder desires position. 


inspector for Southern California Edison Company’s new office bui 
Los Angeles. Worked on tallest welded building in Dallas. 


ences. 


Have had ten years’ experience in genera! 
repair and construction work, locomotives, tanks, pipe line welding, « Es- 
pecially interested in structural steel welding. Have also had experience 


ng al 


Can furnish refer 





Welding Field Joints on a Fourteen-Story 
Office Building * 


3y J. THEODORE W HITNEYt+ 


NHE structural steelwork of the new office building for the Edison 
‘| Electric Illuminating Company of Boston has all field connections 
electric-are welded. As such it represents the first project of its kind in 
Boston and was made possible by the building commissioner exercising his 
discretionary powers under the building law, which allows the use of new 
materials or methods under such regulations as the commissioner may fix. 
In this case the requirement fixed was that the consulting engineer, F. P. 
McKibben, should certify by affidavit that the building, as pertains to the 
welding, would conform to the stresses and strains required by law, and 
that at the completion of the welding should certify by a final affidavit 
that the building does conform. 


SHop-RIveTeD, FieLp-WeLpED FRAME OF New EbIso> 
Co. BUILDING IN BosTOoNn 


me of the results observed, because of the use of welding instead of 


ig on this structure, are as follows: (1) Noise of construction of 
in the steel frame were practically eliminated at site of erection; 
cident hazard was greatly reduced by elimination of dropped bolts 
ets; (3) alterations, made necessary by errors or changes, were 


ted at Nov. 17. 
| mn? 


_N 1930, meeting of the Philadelphia Section, A. W. S. 
Whitten-Beekman Engineering Co., Boston, Mass 


led 


i 
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more easily made; (4) smaller gussets were required for wind bracing: 
(5) staging for erectors was more simple and less expensive; (6) fire 
hazard was reduced due to absence of hot rivets; and (7) connections to 
support erection derricks were easily and rapidly made as work advanced. 


Lease Conditions Affecting Design—The building is fourteen stories 
high, covering a plot approximately 110 x 58 ft. It contains 1,314 tons of 
steel, of which 1,050 tons is framed together by welding. Conditions in 
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the leases on the two lots making up the plot required the building to b 
designed for “any commercial use allowed by the zoning law.” This ne- 
cessitated the use of a 125-lb. live load on all floors, although only offices 
are contemplated above the second floor. Further stipulation that th 
portion of the building on each lot be designed as a unit made provisio! 
necessary in the design for the possibility of a future party wall, stairs, 
elevators, ash hoists, boiler rooms, chimneys and vents. The floor ste 
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was arranged to suit these conditions should they arise. and connections 
for future work were provided. 


Design—Inasmuch as the height of the building is over three times 
its width, wind pressure had to be considered. Special attention was 
given to details of connections of girders to columns. The load reactions 
were taken by web angles on the girders, welded to the columns in the 
field at the toes of the angles. The wind loads were transmitted to th 


Fic. 4—WELDED PLATES FOR QUALIFYING WELDERS 
The two butt-welded specimens at the left are to be cut into 
strips 2 in. wide for tension tests. The two fillet-welded 
specimens at the right are tested in tension to determine the 

longitudinal shearing strength of the weld 


Fic. 5—-WELDING-GENERATOR PLANT, BOSTON BUILDING 
Four individual-operator machines remained on this platform 
at rear of first floor throughout all erection work 


tes 


columns by means of split girder beams on the bottom flanges and )la 
on the top flanges. For those girders with small moment in the connec- 


tions, a piece cut from a girder beam with the web riveted to the bottom 
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flange made vertical field-welding possible to the column on the cut ends 
of the flange, as shown in Fig 3a. 


For the large moment connections (Fig. 3b), split girder beams were 
used as gussets with the flange riveted to the bottom flange of the main 
girder. The field-weld was applied where the web contacts the column. 
Stiffeners along the gusset edge were channels or angles. In the case of 
some shallow girders, it was necessary to slot the top plate (Fig. 3c) to 
permit a sufficient amount of fillet weld. 


TABLE I—WELDING DaTA, EDISON Co. BUILDING, BosTON 


Welding wire used 1,500 Ib. of 32 in. 


5 
1,100 Ib. of 3/16 in. 


NS RS oe epee eee eS 2,600 Ib. 
Welding wire melted 80 per cent of 2,600 Ib., 2,080 Ib.* 
Electric current consumed 6,120 kw.-hr. 
lectrode melted by 1 kw.-hr 
Fillet weld (%-in., %-in. and %-in) 60,514 in. 
Weld ped Ria a rer «o's db decade & Ge Gad bite ee bcm oo Os Ate We 9.9 in. 
Weld per lb. of electrode wire bought 
Weld per lb. of electrode melted 
Structural steel 
Structural steel welded 
Weld per ton of steel welded 
Man-hours welding 1,205 % 
Weld per Smee meen Ss ss St dct cee ORAS. 60% Sb, osinad onic A 
Welding per man-day of eight hours 


ib ends of electrode wire represent a loss of approximately 20 per cent of wiré 
ised. 

Inasmuch as few fabricating shops are equipped for shop-welding to 
any great extent and to give all shops a chance to compete, the structural 
design was made to follow standard practice so far as the shop was con- 
cerned, using standard connections (increased to 1‘ in. thickness to 
secure a proper %4-in. fillet weld) and using customary clearances. 


For seat and stiffener connections on columns, regular shop practice 
was used, except that the seat angle was made wider than the flange of 
the beam, to allow for field-welding along the bottom flange. Holes for 
erection bolts were provided to make possible the plumbing, leveling and 
alignment, without the use of wood shores and braces. Details were so 
worked out as to eliminate overhead welding. 


Erection and Field-Welding—Erection of structural steel was begun 


on April 9, 1930, with the setting of the cantilever foundation beams 
grillages. Welding was begun on April 28, 1930, and completed 

27, 1930. Four welding machines were utilized. The welding 
‘onsisted of a foreman, four welders and an engineer to care for 
elding machine, the latter being necessary in order to comply with 
requirements. Each welder used the same machine throughout, 

g it possible to keep acctrate records. The field-welding totaled 

in.; 17,780, 16,644, 16,515, 9,575 in. of field-weld made by the 

rs respectively. Most of the welds were *<-in. fillet, although ome 


» or &% in. in size. 


machines were set up in the rear portion of the first floor and 
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remained unmoved until the welding was completed. The battery of 
machines is shown in Fig. 5. A voltage of 20 and an amperage of 175 
were used except that the amperage was increased to 185 when th 
upper part of the structure was being welded. The cost of staging was 
materially reduced by using Z-shaped steel bars of approximately 2 x \, 
in. section, which hooked over the tops of the girders and supported a 
plank on which the welder worked. 


Inspection—Local inspection of each weld and qualification tests to de- 
termine the competency of welders were important features of the work 
At least twice a week each welder was required to run a lap-weld sample 
which was broken so that the fracture could be examined. 


Daily reports were made by the job inspector, giving in detail number 
of inches of weld for each connection, by whom made and the size of the 
fillet. Visual inspection only was used. 


Qualification of Welders—Before they were allowed to work on the 
structure all welders were obliged to weld specimen plates for testing 
Requirements for each man were as follows: (1) Two lap-welds, on 
made horizontally and one vertically, to be made and broken when coo! 
to determine amount of penetration, uniformity of weld fracture, etc.; 
(2) two butt-welds to be made, one run horizontally and one vertically, us- 
ing two 9 x 4 x 12-in. plates for each specimen, these welds to be machined 
to the thickness of the plates, the specimens cut into strips 2 in. wid 
and tested (the highest test specimen of the seven welders who qualified 
—although only four welders were used on the work—showed 56,500 lb 
per square inch ultimate strength, the poorest showed 43,700 Ib. and 
many specimens broke outside the weld); (3) two %-in. fillet-welds 10 
in. long, one horizontally and one vertically to be made by welding a 
3 x 344 x 6%-in. plate on each side of plates 12 x 1 in. by 2 ft. 4 in. long, ends 
separated % in. and tested. (The best specimen broke at 155,200 !|t 
and the poorest at 105,600 lb., giving a value of 15,520 lb. down t 
10,560 lb. per linear inch, which represents a factor of safety betwee! 
5 and 3%, since the design value used was 3,000 lb. per linear inch 
* Fig. 4 shows a group of test specimens. 


The building was designed by Bigelow, Wadsworth, Hubbard & Smith 
architects, Boston. The Whidden-Beekman Engineering Co., Boston, was 
the designing and supervising engineer for the structural steelwork, floor 
system and foundations. Frank P. McKibben was consulting engineer 0! 
welding and was assisted by William F. Carson, of Carson & Carson 
engineers, Philadelphia. The construction work was done by the W. A 
& H. A. Root Co., Boston. The American Bridge Co. made the shop de- 
tails and fabricated the structural steel, F. L. Castleman and H. B 
Castleman, of that company, giving their personal attention to the weld- 
ing details. The Daniel Marr & Son Co., of Boston, erected the structura 
steel, which was field-welded by the Leake & Nelson Co., of Bridgeport 
Conn. 





Oxyacetylene Welding of Corrosion Resisting Metals 
and Alloys * 


W. B. MILLERt 


chemical and food industries. Welded joints are desirable on ac- 
count of their neatness and tightness, affording smooth continuous sur- 
faces desirable from the cleaning and insulating standpoints. Very often 
the plant engineer desires to use a certain metal and prefers welded 
apparatus. It is the intention of this paper to show that the more com- 
mon metals and alloys can be oxyacetylene-welded, yielding satisfactory 
joints. The following table lists some of the more common metals and 
alloys as well as some of the alloys recently developed to meet certain 
definite conditions in industry. 


M ETALS and alloys are doing major service today in the various 
s 


Metal Use 
Copper Acetic acid in absence of air 
Aluminum ..................-Acetic acid—conc. nitric 
Acetic acid—sodium hydroxide 
Sea water—sodium hydroxide 
Aluminum bronze Dilute sulphuric acid 
Silicon bronzes—Everdur ......Cold sulphuric and cold hydrochloric in 
sence of air 
Silicon bronzes—Tempaloy ....Cold sulphuric and cold hydrochloric in 
sence of air 
Chromium-iron-alloys ......... Nitric acid—sea water 
Chromium-iron-nickel Nitric acid—organic acids 
Chromium-iron-manganese ....Nitric acid—organic acids, etc. 

Hastelloy A—Ni-Mo-Fe Hot or cold hydrochloric, sulphuric or acetic 
Hastelloy C—Ni-Mo-Fe .......Hot or cold hydrochloric, sulphuric or acetic. 
Wet chlorine 

Hastelloy D—Ni-Si Sulphuric or hydrochloric. 


Let us now consider briefly the welding of the above metals or alloys. 
Copper 

Copper vessels have been fabricated for some time by brazing or 
riveting, because of the low strength of welds made in ordinary tough 
pitch copper. Since the discovery that oxide was the cause of the in- 
ferior quality, deoxidized copper is now available for welding purposes, 
yielding satisfactory welds both as to strength and ductility. On account 
of the extreme fluidity of molten copper it is necessary to back up the 
welds. In welding thinner sections it is better to start the welding away 
from an edge, then finish by welding out to the edge. 


Aluminum 


e oxyacetylene welding of aluminum is being carried out quite satis- 
lactorily and is almost universally used in the construction of aluminum 


per presented at Fall Meeting, A.W.S., Chicago, September, 1930 
nm Carbide & Carbon Research Laboratories. 


13 
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apparatus for chemical and food industries. One is referred to the May, 
1928, and the January and July, 1929, issues of the JOURNAL OF THE 
AMERICAN WELDING Society for articles dealing with the welding of 
aluminum. 


Nickel and Monel 

Until it was learned that sulphur caused the embrittlement of nickel, 
little real success was attained in oxyacetylene welding this metal. Treat- 
ment with magnesium renders nickel and Monel malleable and weldable. 
The welding should be carried out in such a way that the molten metal 
is not unduly exposed to the air, thus burning out the magnesium wit! 
resulting brittleness. Here again it is necessary to weld toward an 
edge rather than away from it. Backward or backhand welding is als 
desirable, for it slows the solidification, yielding sound weld metal. It 
also affords better control of contraction. 


Aluminum Bronze 

Aluminum bronzes are quite resistive to many corroding reagents. The) 
are difficult to weld due to the formation of an infusible alumina slag 
A highly active flux capable of dissolving aluminum oxide at a tempera- 
ture below the melting point of the alloy is necessary. With aluminum 
contents up to 8 per cent the welded sheet is quite ductile. With higher 
aluminum contents eutectoid structures are obtained, the alloys being 
amenable to heat treatment. This fact should be considered in welding 
the higher aluminum content alloys if maximum physical properties ar« 
desired. 
Silicon Bronzes 

Everdur and Tempaloy. These alloys are quite resistive to cold acid 
solutions in the absence of air. They may be welded but to insure best 


results a thorough knowledge of the physical properties and heat treat- 
ment of these alloys is absolutely necessary. 


Chromium Alloys 


As with all other metals and alloys, success in welding the high chro- 
mium alloys is attained only through a thorough knowledge of the prop- 
erties of the various alloys when subjected to high temperatures such 
as are met with in oxyacetylene welding practice. Some of the alloys 
have been unjustly criticized due to a lack of knowledge of the p 
erties of the alloy. 


For corrosion resistance other than atmospheric, alloys containing 16- 
28 per cent chromium are generally used. In oxyacetylene welding an! 
high chromium alloys it is essential that a neutral flame be used, for 
increase in carbon content removes effective chromium from solid solution. 
Best results are obtained by applying a suitable flux to the underside of th: 
~ eres Without such a procedure it is impossible to obtain good bottom 

usion. 


Alloys containing 16-18 per cent chromium with low carbon are 1 
subject to air hardening as those containing 12-14 per cent chromium 
They are, however, subject to grain growth, and possibly for this reason, 
welds and metal adjacent to the weld are considerably reduced in ductility. 





1930] WELDING CORROSION RESISTING METALS 


Furnace or torch annealing to 650-700 deg. C. followed by air cooling 
will impart toughness and ductility to welds in this alloy. Oxyacetylene 
welded tubing after furnace annealing may be cold drawn, flattened or 
crushed. These tests show the thorough fusion obtained at the bottom 
of the seam by the use of flux applied to the underside as well as the top 
and the rod. 


The addition of about 2 per cent nickel renders the low carbon 16-20 
per cent chromium alloys amenable to heat treatment. On this account 
these alloys have found considerable use in the manufacture of welded 
seaplane parts in England. When tempered to 550 deg. C,, these alloys 
have better corrosion resisting qualities than the cutlery grade of stain- 
less steel. Increasing the nickel to about 8 per cent results in an aus- 
tenitic alloy or one not subject to the brittleness encountered in the 
alloys containing no nickel. These alloys with high nickel content do not 
air harden and weld metal cooled either slowly or rapidly will not become 
hard and brittle. These alloys are particularly suitable for welded con- 
struction since they require no subsequent heat treatment. This state- 
ment, however, must be made with reservations, for under certain cor- 
rosive conditions, commercial alloys have exhibited selective corrosion 
idjacent to the weld. It is believed that this condition is due, at least 
partly, to strain and has been somewhat eliminated by preheating to tem- 
peratures ranging from 200-300 deg. C. before welding. Heating austen- 
tic chrome-nickel alloys, 18-8 type, to 500-800 deg. C. has the effect of 
ausing migration of carbon to the grain boundaries and an increased 
rystal hardness. Reheating to 1000-1200 deg. C. will restore welded 
material to the best condition for corrosion resistance. The effect on 
the carbides of heating for long periods up to 800 deg. C. is probably 


the reason for the production of 18-8 chromium-nicke! alloys containing 
ess than 0.10 per cent carbon. 


While the 18-8 chrome-nickel alloy is more widely known, alloys con- 
taining greater amounts of chromium and nickel are available. They 
all have high coefficients of expansion, which fact must be considered 
in welding these alloys. The allowances for contraction will depend on 
the technique used, it being impossible to lay down any definite rule. 


Forged or rolled alloys containing 25-28 per cent chromium with no 
icke! are used extensively for withstanding oxidation at high tempera- 
Weld metal and metal adjacent to the weld will be brittle, but 
rittleness is not necessarily an obstacle when it is considered that 
lack heat the high heat-affected metal is tough and ductile. Con- 
ntly the brittleness is considerably overcome by and during work- 
mperatures. 


May, 1930, before the American Iron and Steel Institute, a new 
f chromium alloy suitable for deep drawing was described by Dr. 
Becket. It contains approximately 18 per cent chromium with 8- 
cent manganese, and not over 0.10 per cent carbon together with 
| per cent copper. These alloys are particularly amenable to hot work- 

ing, seamless tubing free from seams and other surface imperfections 

being obtained. In many respects the chrome-iron-manganese alloys are 
simi to the chrome-nickel alloys. For instance the heat treatment 
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consists of holding at 1050 deg. C. followed by air cooling. In the 
polished condition the chromium-iron-manganese alloys are whiter in 
appearance than other chromium alloys. In regard to corrosion, these 
steels are resistant to many chemicals as shown by the following table 
which lists some of the reagents for which they are satisfactory, as well 
as a few which attack the metal. 


Satisfactory Unsatisfactory 

10% Acetic c.p. Room Temp. 10% Hydrochloric—Room Temp. 

10% Acetic c.p. Boiling 10% Sulphuric—Room Temp. 

10% Phosphoric c.p. Boiling 10% Oxalic acid—Boiling 

10% Carbolic Boiling 10% Formic acid—Boiling 

10% Sodium hydroxide—Boiling 50% Lactic acid—Boiling 

Cone. Sulphurous—Room Temp. 85% Lactic acid—Boiling 

1% Lactic—64°C, Bleaching sol.—Room Temp. 
2% Lactic—Boiling 16 gr. Cl/liter). 

10% Tartaric—Boiling 

10% Chromic (Tech.) Boiling 

10% Malic—Room Temp. 

10% Sodium Bisulfite—Boiling 

10% Sodium Sulfite—Boiling 

10% Ammonium Sulfate—Boiling 

Molten Sulphur—140°C. 

Lemon Juice—Room Temp. 

Canned Rhubarb—100°C. 

Canned Tomatoes—100°C. 

Moist Sulphur Dioxide—600°C. 

Moist Sulphur Dioxide—900°C. 

Moist Hydrogen Sulphide—300°C. 

Sulphite Liquor—Boiling ; 

It is interesting to note that the chrome-iron-manganese alloys are 
quite resistant to sulphur bearing gases, in this respect being superior 
to the corresponding chrome-nickel alloy. This should render them use- 
ful for many industrial applications. In oxyacetylene-welding the chro- 
mium-iron-manganese alloys, best results are obtained with metal con- 
taining not less than 0.3 per cent silicon. Cromaloy flux is used and 
applied to the under side of the seam the same as for other chromium 
alloys. The welds have a yield point of about 50,000 Ib. per sq. in. and 
an ultimate strength of about 80,000 Ib. per sq. in. 


Thus we may say that all chromium alloys may be oxyacetylene welded 
with the aid of a suitable flux. It allows the use of a neutral flame 
blankets the fused metal, and when applied to the under side of a seam, 
allows thorough welds to be made from one side. 


Hastelloys A, C, and D 


For some time there has been a need in the chemical industry for an 
alloy to withstand hydrochloric acid. To meet this need there has been 
developed a nickel-molybdenum-iron alloy known to the trade as Has- 
telloy A, which is available in forged, rolled or cast form. It welds easil) 
the welds showing good resistance to corrosion. The alloy may be 
joined to steel using Hastelloy A welding rods. On account of the lower 
melting point of the Hastelloy, it acts similarly to a brazing metal when 
joined to the higher melting steel. This is a good feature, for long 
agitator shafts may be built up from a combination of steel and Has: 
telloy, it being necessary to have only the part in contact with the cor- 
rosive agent made of the more expensive molybdenum alloy. 
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Hastelloy C is also a nickel-molybdenum combination resisting the 
same reagents as the “A” alloy with the further advantage of resisting 
dilute nitric acid, wet chlorine, and acid solutions of oxidizing salts. It 
is furnished in cast form only. In welding it is necessary to preheat to 
avoid cracking. 


Hastelloy D is a cheaper alloy than A or C and consists of nickel with 
approximately 10 per cent silicon, 1.5-2 per cent aluminum and 3 per 
ent copper, and is obtainable only in the form of castings. The alloy 
is machined with difficulty with tungsten carbide tools. These tools may 
be used for facing off a flange when grinding is not convenient. This 
alloy presents quite a difficult problem due to the formation of an 
alumina-silica refractory slag. The metal has a low melting point and is 
weak just after solidification; hence it requires careful preheating and 
cooling to avoid cracking. 


In this brief outline we have attempted to show that the many cor- 
rosion resistant alloys available may be welded by the oxyacetylene 
welding process. Each alloy has distinctive physical properties which 
must be considered before any apparatus is welded for service. 


In conclusion the writer wishes to express his indebtedness to Mr. 
Russell Franks for the data on the chromium-iron-manganese alloys. 





Cold Facts Concerning the Welding of Battered 


Rail Ends * 


S. E. Tracy+ 


?) VERY railroad in the world is of necessity deeply interested in the 
4 processes of building up battered rail ends in order to effect a 
solution of one of the most serious problems of operation. It is an ac- 
cepted fact that the battered rail end is either the direct or indirect 
‘ause of a large part of the trouble and expense incident to the main- 
tenance of the track structure. 


In the minds of railroad engineers, there is no question as to the effec- 
liveness and economy of the procedure of building up battered rail ends, 
in order to improve the riding qualities of the track; to increase the life 
of rail in first position; to decrease the wear upon track fastenings and 
to minimize the wear and tear on equipment. There is, however, some 
differ nce of opinien as to what method of building up rail is most ef- 
lective and economical. 


From time to time articles have been published in the railroad jour- 
nals d papers have been read before meetings of welding societies 
and railroad associations in which the subject of battered rail end weld- 


ep » ‘ 
&R before the 31st Annual Convention, International Acetylene Association, Chi- 
. Nov. 12, 13, 14, 1930. : 
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ing has been discussed. In many cases the statements and data containe 
in these papers have not been supported by the complete and accurat 
data which is necessary for proper analysis or as a basis for the forma 
tion of accurate conclusions. In many instances these articles have co; 
tained broad and unsupported statements as to the physical characteris- 
tics of the weld metal applied and inadequately supported cost data as to 
the expense involved in completing the operation. Some of this info) 
mation is not in agreement with results reported by accredited investi- 
gators nor does it conform with the conclusions reached by means 
carefully co.uducted tests. 
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The question is not whether or not rail ends should be built up but 
rather what process of performing the operation insures the best results 
as to quality, duration of extended life, and cost. 


The two fusion welding processes which have reached the 
est stage of development, the oxy-acetylene torch and the electr 
are both in use by all of the principal railroads and have prov 
fective in promoting economy and efficiency in the maintenance « 
road facilities. The important problem in connection with their applica 
tion is to determine definitely and accurately the limits of the 
which each process should be applied. 
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On many classes of work there is a rather wide spread between the 
hourly cost of operation as between the oxy-acetylene torch and the elec- 
tric arc, the differential being in favor of the arc. In the absence of com- 
plete analysis of costs and results, the fact that the arc cost per hour is 
lower than the torch cost per hour, has led to many errors in the applica- 
tion of the two processes with the result that the full economy promised 
by fusion welding has not been realized. This appears to be par- 
ticularly true with regard to track work, and it is the object of this 
paper to present such facts and data as have been developed, so that a 
definite conclusion may be drawn as to the comparative merits of the two 
processes for use in the building up of battered rail ends, which is one 
f. if not the most important operation to which fusion welding has 
been applied on the railroads. 









































FIG 8 FINISHED WELDED JOINT-COLD 
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lectric are is comparatively a newcomer in the field of rail end 
and was taken up by some with the laudable desire to further 

the cost of welding and thereby increase the economies secured. 
cesses have now been in use for a number of years and accumu- 
ta make it possible to arrive at definite conclusions as to which 
f procedure promises the greatest ultimate economy. 


reduc 
Both 
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met} 


f study of the condition which rail end welding is designed to 
Ss necessary in order that the results secured by the two pro- 
ay be fairly compared. It should be understood that welding is 
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not a cure for low joints or for surface bent rail. The welding pro- 
cedure corrects the batter but low joints must be raised by the usua! 
process of tamping up the ties. 


Figure 9 illustrates a condition wherein perfectly matched rail, whic! 
has not been surface bent or pounded low in surface, is merely battered 
at the ends. This condition, is obviously, not difficult to correct by th 
welding process. 






































FIG I1-FINISHED WELDED JOINT-COLD 


Figures 10 and 11 illustrate the results secured by welding joints 
such as have just been described. Rail on which the only defect is 
simple end batter is not often found on track which is ready for welding 


In Figs. 12, 13 and 14 is illustrated the condition of unequal batte! 
usually found on double track railroad, where traffic movement is all on: 
way. This condition of unequal batter may exist in connection with bent 
out of surface, or high and low rail, or, as in the case illustrated, whe! 
those conditions do not exist. 


Another rail condition frequently found is where adjoining rails ar 
mismatched. One rail being higher than the other. When a straight 
edge is laid across this type of joint with one end held down on th 
lower rail and the center resting on the end of the high rail, space w! 
be seen between the straight edge and the rail extending from the en¢ 
of the straight edge on the low rail to the end of batter on the hig! 
rail and also from the end of batter on the high rail to the end of th 


straight edge. This condition is illustrated in Fig. 2. 


The appearance of such a joint when a straight edge is placed upon @ 
high rail is illustrated in Fig. 1, which shows not only the depress)! 
at the end of both rails, due to batter, but also the inequality in ra! 
surface due to unequal thickness of the rail. 
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The purpose of the welding operation is to remove the batter and to 
match up the rail ends as evenly as possible so as to permit the smooth 
transfer of wheel loads from one rail to the other without the ob)ection- 
able impact. It is clearly out of the question, in the case of high a1.d low 
rails, to carry out the welding operation to the point where an absolutely 
level rail surface is secured and the best results, both in economy and 
in improvement of track riding qualities, are secured by the methods 
here illustrated. 
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FIG 14 FINISHED WELDED JOINT -COLD 


The method of welding where high and low rails join is illustrated in 
Figs. 3 and 4. In this case it will be seen that the object is to com- 
pletely fill up the batter and to build a short runoff on the low rail so as 
to eliminate the hammer blow which occurs when a wheel moving over 
the low rail hits the end of the high rail, or moving over the high rai! 
drops on to the end of the low rail. 


Our experience has been that at least 90 per cent of the rail which 
is ready for welding has developed either a slight bend or has been 
hammered low in surface at the joint. In applying a straight edge to 
joints in this condition, we find that there is a space between the straight 
edge and the rail varying in length from a few inches to the full length 
of a 24 in. straight edge. In order to restore the track to good running 
surface it is not necessary to fill in the entire space between the straight 
edge and the rail, nor is any good accomplished by so doing. This fact 
whic! is proven by long experience, should be remembered in future con- 
sideration of the application of the two processes. 


condition described above is illustrated in Fig. 5. 


proper use of the straight edge, in marking bent or low joints 
lding, is illustrated in Figs. 6 and 7 and the appearance of the 


fay 
LOT 
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completed weld on this type of joint is shown in Fig. 8. In this case jt 
will be noted that the batter has been corrected but that a slight depres- 
sion, greatly exaggerated in the illustration, still exists at the joint due to 
the bent condition of the rail, or low surface of joint. 


It is not necessary to level up the surface of the joint by carrying th 
weld back beyond the batter and if this is attempted the cost of the weld 
will be excessive with no compensating improvement in the riding quali- 
ties of the track or in the increased life of the rail. 


In the oxy-acetylene process, by proper manipulation of the straight 
edge and the use of a taper gauge, the maximum length of the weld re- 
quired is determined and only sufficient metal need be applied to tak 
out batter and match up the ends of the rail. 


In the electric process it is necessary not only to take out the batter 
but to apply sufficient additional metal to correct the low space betwe: 
the straight edge and rail. 


To those not entirely familiar with the actual application of the tw 
processes in rail end welding these statements may appear unreasonab 
However, when the methods of finishing the top surface of the rail ar 
considered the reasons can be readily seen. The necessity for applying 
an excess of weld metal to the arc welded joint arises from the fact that 
these welds must be ground to finish, and unless sufficient metal is ap- 
plied to compensate for the difference in contour of the rail at the joint 
the grinder in smoothing up the weld will actually cut metal from th 
ball of the rail, back of the weld, leaving a low spot at each end of th: 
weld. 


On a test section of track built up by the electric arc process w 
found it necessary to weld 40 per cent more surface of the rail tha 
would have been necessary with the oxy-acetylene process to obtain the 
same object (we hesitate to say “the same result”). On this stretch 
rail it was necessary to deposit with the electric are process 0.75 |b. 
metal per joint while on adjacent track welded by the oxy-acetylen 
process only 0.0679 Ib. per joint were required. 


The conventional grinder used in the finishing of rail ends, on bot! 
the surface and the sides, consists, briefly, of a grinding wheel mountec 
on a four wheeled car. The grinding wheel is located in the approximat 
center between the running wheels. The running wheels are guided dur- 
ing the grinding operation by the rails at a distance of from one t 
three feet from the weld. The rails at this distance are out of surfa 
by some hundredths of an inch with the rail at the position of the weld 
This necessitates the raising and lowering of the grinding wheel to com 
pensate for any differences in the contour of the rail head. As alread) 
explained, unless sufficient metal has been applied and left on the rail t 
compensate for the difference in contour, the grinder will dig into the ba! 
of the rail at the end of the weld. 


The procedure with the oxy-acetylene torch involves the forging of t! 


deposited metal with a hand hammer as the weld progresses. In addition 
tter 


the weld is completely reheated and smoothed by forging with « flat 
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and sledge. During the process, any mushroomed or overhanging metal 
on the rail is brought to forging heat and hammered back into place, 
thereby lessening the amount of weld metal required and improving the 
ality of the weld by working out any seams or impurities which may 
exist in the rail end. 


The expansion between the rails is restored after the welding opera- 
tion is completed by the use of a hot cut chisel and sledge. The rail ends 
are heated up to the required temperature and the overhanging ends of 
the rail are cut off, the top edges being bucked back by the wedging 
action of the chisel. No grinding is necessary with the oxy-acetylene 


process. 


In the application of the electric are process in rail end welding it is 
‘bviously impossible to forge the deposited metal; the rod deposited chills 
mmediately to an extent which makes beneficial hammering impossible. 
Neither is it possible-to heat up the overflow metal which, in this case 
must be ground off and is lost. Any imperfections in the metal of the 
rail cannot be removed with the arc but remain in the finished joint. 
The expansion between rails must also be ground in order to remove 
the overhang and prevent rapid chipping of the rail. 


The quality of the weld metal applied in bulding up rail ends is of 
paramount importance, as the section of the rail to which the weld is 
ipplied is subjected to greater stress than any other part of the rail. 
For this reason it is necessary that the welded rail end be harder than 
the original rail metal and at the same time it must not be so brittle that 

| check or break out. The reason for the superiority of the metal 

ted with the oxy-acetylene flame over that deposited with the 

arc will be readily seen when the methods of application are 
msidered. 

The physical characteristics of the metal deposited on rail ends is a 
matter of the greatest importance. While a degree of hardness some 
what above that of the rail metal is desirable, this characteristic alone 

‘t insure the desired results. High carbon steel, which will give 
iired hardness, has proven unsatisfactory because of lack of duc- 
‘ toughness. While the rail ends are sufficiently hard they are 
to checking, cracking and to flaking out or chipping. 


in alloys containing chromium have proven the most suitable 
building up of rail ends, for the reason that they provide the 
hardness and in addition make welds sufficiently tough to pre- 

vent breakage under the hammer of the wheels. These low chromium 
illoy rods, when properly applied, which entails forging during the pro- 
edure welding but no subsequent heat treatment, produce a weld of 
‘pproximately 320 Brinell. The average hardness of standard carbon 

, from tests recently conducted, is 267 Brinell. 


ative hardness secured in metal deposited ‘by the two processes 
in figures published by the American Railway Engineering 


Assov yn, 


made 


in its proceedings for 1929. A subcommittee of this body 
mplete investigation of the characteristics of electric are and 
ene rail end welds and their report covering hardness tests 


XV-ace 
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is quoted below. Information is not at hand as to the kind of rod used 
in making these welds but, from the readings, it can be assumed that 
the filler used for the oxy-acetylene process was not chromium alloy, 
which would have given even higher values than those quoted. 


EXHIBIT “A” 

HARDNESS TEST ON OXY-ACETYLENE WELDED RAIL ENDS 
Spec- Hardness on Side of 
imen Rail Hardness on Top of Head Head 
No. Section O92 ee aa ae Te a S28 

90 Ib. ARA 279 250 292 ... ... 295 243 250 


90 Ib. ARA 232 250 250 263 ... ... 276 ... 243 256 219... 
90 lb. CS 250 226 244 238 278 290 ... ... 224 225 219 : 
90 Ib. CS 270 273 277 256 237 263 ... 250 244 257 250 : 
100 Ib. RE 264 257 280 264 ... 250 ... ... 250 274 272 2: 


90 Ib. ARA 265 250 250 243 236 ... 257 ... 221 228 2! 
100 lb. RE 256 256 262 250 277 276 ... ... 250 ... 244... 
100 Ib. RE 263 263 269 262 250 ... ... ... 271 270 250 ... | 
90 Ib. ARA 250 250 250 250 238 250 ... 267 224 230 250 : 
Average 259 253 259 253 244 266 266 271 241 252 242 : 


Note: The inches shown on statement represent distance from end of rail. 


EXHIBIT “B” 
HARDNESS TEST ON ELECTRIC WELDED RAIL ENDS 


Spec- Hardness on Side of 
imen Rail Hardness on Top of Head Head 

No. Section eh eal ek eee oS al tle et GR oe: A 
1-A 901lb. ARA 217 230 238 238 246 232 ... ... 253 262 . 

2-A 901lb.ARA 235 244 236 236 236 244 ... 252 237 230... ..: . 
3-A 901b. ARA 232 248 237 244 254 262 262 ... ... 262 243 262 262 
3-B 901b. ARA 230 217 236 246 231 234 ... 262 243 244 244 245 
Average 229 285 237 241 242 248 262 257 244 250 243 253 262 


Notre: The inches shown in statement represent the distance of readings from e! 
of rail. 


It will be seen from these figures that the oxy-acetylene welds were 
considerably harder than the electric welds and would obviously give 
longer wear. When further consideration is given to the superior tough 
ness of the acetylene weld the comparison becomes markedly in favor 
of that process. 


The savings secured by the railroads through the reconditioning o! 
rail ends depend mainly upon the quality of the work. The built up 
joints must permit the rail to remain in position a sufficient length of 
time beyond its ordinary life to more than cover the charges entailed 
by changing out the rail. The added life which it is necessary to gail 
in order to secure economy will, of course, depend upon traffic conditions 
and standards of maintenance and cannot be expressed as any number 
of years to cover all conditions but rather as a percentage of the ordinary 
life of the rail. 


The economies resulting from rail end welding, under proper proce 
dure, are very large, but this does not lessen the desirability of selecting 
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the method which promises the lowest initial costs consistent with the 
required quality. 


On the test section of track, previously mentioned, accurate account 
was kept of all costs entering into the welding of the battered ends. The 
overall cost per joint by the electric arc process was $2.0144, while 
similar joints on adjacent track were welded by the oxy-acetylene process 
at an overall cost of 81c. 

It should be understood that the equipment with which this test job 
of electric welding was done was not of the most up to date design for 
this type of work and we know that the cost could be materially reduced 
below the figure given. 


After a thorough investigation of the most approved apparatus avail- 
able for electric rail end welding, and an analysis of the results se- 
ured by other railroads, we have figured that the absolute minimum 
cost per joint which we could hope to secure by the electric are process 
on joints such as were welded in this test would be $1.17. The basis for 
this calculation is given in the following detailed figures: 


COST OF ELECTRIC WELDING JOINTS UNDER MOST EFFICIENT 


OPERATING CONDITIONS 


Item Cost per Joint 


Labor $0.6728 
Gasoline and oil .0350 
Electrodes 1225 
Interest, depreciation and repairs on equipment 1655 
Ce a ER: SR ee ee 1106 
geet I: SECs os eet wa an sinechigeese.0:0 0 .0500 
Supervision .0180 


$1.1744 


Nor Based on 40 joints per eight hour day, per unit. 


COST OF WELDING RAIL END BY OXY-ACETYLENE PROCESS 


Cost per Joint 
$0.353 
ee ke” ERS Segre ry a re eee .369 
Rod . .020 
Miscellaneous tool charge 050 
Supervision .018 


$0.810 


Nort 
either 


The above costs do not include freight charges on materials or equipment in 

A most important point to be considered in comparing the two pro- 
cesses is that of the investment required in order to carry out the 
yearly program of rail end welding. In order to build up 200,000 joints 
yearly, which is our approximate average, seventeen (17) complete out- 
fits of electrical equipment and apparatus, representing an investment 
of $107,610.00, would be required. To accomplish the same work by the 
oxy-acetylene process, under service contract, thirty (30) complete sets 
ol equipment, representing an investment of $2,570.10, are required. 
The welding and cutting torches, oxygen and acetylene regulators, track 
trucks and miscellaneous equipment are furnished to the railroad under 
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service contract and the carrying charges thereon are included in 
cost of gases. 


The following figues show in detail the investment necessary in elec 
arc and oxy-acetylene equipment to carry out a yearly progran 
200,000 joints: 

OXY-ACETYLENE PROCESS 
One Unit 


Acetylene and oxygen hose and fittings 

Hotcut, flatter, sledge, cold chisel, hammer 
Straight edge, goggles, windshield 

Welding and cutting tips and wrenches, lighter, etc 
Miscellaneous other small tools and equipment 


30 sets required—total investment 
NoTe: The above is based on 22.6 joints per eight-hour day, per welder 


ELECTRIC ARC EQUIPMENT 
One Unit 

Gas engine, generator outfit , 500.01 
Rail surface grinder 
Rail end grinder 
Transformers 
Remodeling car for generator equipment 
Cable and fittings to cover % mile 
Miscellaneous equipment, tools, ete. 


SUL UF 
102.04 
150.0 
500.0 
188.00 


90.0 


30) 0 

17 sets required—tota' investment .$107,610.0( 

Note: The above is based on 40 joints per eight-hour day, per welder 

Since 1922 we have welded approximately 1,092,000 rail joints with a 
steadily decreasing cost from an average of $1.32 a joint in the first 
years to 76.7c. for this year up to September 1. The reduction in cost 
is due to several factors, such as reduced price of gases, increased ef 
ficiency of welders, improvement in the procedure of welding the 
and some variation in the general condition of the rail ends welded 


In building up a stretch of track, the accepted standard of minimun 
batter is 3/100ths of an inch. When rail is welded as soon as batter of 
this kind has developed the maximum economies result as in this cas 
the rail end condition is corrected before serious damage has been don 
to the angle bars and before the riding qualities of the track have bee! 
seriously impaired. Joints of this type can be restored by the 0x) 
acetylene process through the application of a few ounces of metal. 
while with the electric arc process it is necessary to deposit from one- 
half pound upward in order to secure the stock required for th: 
sequent grinding operation. 

Some have perhaps been deceived by the good appearanc« 
ground joint immediately after completion, and have not mac 
ficiently thorough investigations of hardened surface as related to 
rail as a whole, or of the wearing qualities of the weld metal to enabi 
them to reach reliable conclusions as to comparative ultimate results 
secured through the application of the two processes. 





Classification and Physical Tests for Various Types 
of Welded Plate Joints 


By G. R. EXLey+ 


N the study of weld-fabricated joints, it should be borne in mind that 
| the base and weld metals are strained simultaneously and rupture may 
ecur in either, depending entirely upon the composite qualities of the 
physical properties of the specimen as a whole. The results obtained 
from “slow” or “equivalent static” tensile tests for a series of similar 
specimens are comparable when the assembled parts of the unwelded 
specimens conform to a definite size, shape, and gauge length. The extra 
material required to make the joint is disregarded in this respect. 

The physical properties or “variables” can be measured by the degree 
suitable for obtaining individual properties of either the weld or base 
metal, tested under the same conditions. Fabricated specimens are not 
suitable for obtaining individual properties of either the weld or base 
metal. When such results are desired the specimen should be made 
entirely of the metal under consideration. 

When the specimen is built up for any given case it may be regarded 
as a working specimen, and a general classification of the results should 
be made with due regard to the limitations of the conditions under which 
the test was made. Any variation in the quality, size, or disposition of 
iny one of the different elements will greatly influence the results for the 


thers. 


It is generally known that direct stresses are more evenly distributed 
and transmitted by members having uniform symmetrical! sections than 


hose with abrupt or unsymmetrical changes. It is easily understood 
that unsymmetrical changes in section will induce complex moment 
stresses in addition to the direct stress; and an abrupt change will com- 
plicate the flow of the metal, there being a restriction at the greater mass, 
while the work of rupture will be confined to the minimum section, and 
high local stresses will develop at sharp corners and re-entrant angles, 
the effect of which will be felt most in a brittle or non-extensible metal. 
From the preceding remarks it is not difficult to define the variables 
ipon which a classification of the various types of welded joints can be 
Briefly stated, these are as follows: 
A uniform section. 
An abrupt symmetrical change in section. 
. An abrupt eccentric change in section. 
1). Like metals. 
). Unlike metals. 


term “like metals” refers to an ideal duplication in the weld metal 
he strength properties, elastic constants, and ductility possessed by 
hgear Engineering Department, Philadelphia Works, General Plectric Company 
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the base metal. To produce a weld metal essentially the same as the base 
metal would require full control of the metallurgical chemical, and 
technological processes applicable to the “variables” involved, namely: 


(f). Ultimate strength. 

(g). Elastic limit. 

(h). Yield point. 

(i). Energy of rupture. 

(j). Ducetility. 

(k). Endurance limit. 

(1). Direct modulus of elasticity. 
(m). Transverse modulus of elasticity. 
(n). Physical structure. 


The stress-resisting qualities of these properties may be stated as: 


(o). Strength. 

(p). Resilience. 

(q). Adaptability to overstrain. 

(r). Impact resistance. 

(s). Fatigue resistance. 

(t). Volumetric elastic deformation. 
(uw). Effective stress distribution. 


Disregarding the unlimited range of these variables for all kinds and 
grades of metals, this article will be confined to mild steel and a suitable 
grade of welding wire. The properties to be found in a deposit of mild 
steel weld metal as compared with those for a similar grade of rolled steel 


may be stated as follows: 


(vw). The ultimate strength, elastic limit, direct and transverse 
modulus of elasticity are quite normal. 

(w). Tests for ductility and elongation indicate irregularities in 
these properties. 

(2). In regard to the endurance limit as a measure of fatigue 
resistance, the information at hand does not warrant a statement at 
this time. 

(y). The physical structure of weld metal is a much discussed topic 
and rightly deserves such consideration, as this is probably the most 
erratic variable of the entire group. Structural investigations should 
include all physical irregularities such as flaws, shape, and inclusions 
as well as the natural crystalline formation. Structural faults are 
usually referred to as contributions from poor equipment, bad manipula- 
tion, inferior materials, lack of supervision, incorrect designs, in- 
experienced welders, and even the disposition and personality of the 
welder. 


Aside from. what has been said, good weld structures can be, and are 
being produced on a large scale by both hand and automatic processes, 
and whatever difficulties exist from these sources will eventually be 
corrected by proper materials, equipment, supervision, inspection, and 
process procedure control. 

Referring to the classification variables (a), (b), (ec), (d) and (e) for 
various types of joints it is easily seen that a uniform section (a) and 
like metals (d) would produce a perfect joint, although a uniform section 
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and unlike metals would be inefficient as regards the affected variables of 
the weld metal. An abrupt symmetrical change in section (b) and like 
metals (d) would be inefficient as regards volumetric elastic deformation 
essential to proper stress distribution. 
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Fic. 1—PHYSICAL PROPERTIES OF VARIOUS WELDED J: 
to J-6 embody an abrupt eccen- Specimens P-1 to 
hange in section. tions. 
to J-12 embody an abrupt sym- Specimens PE-1 and PE-2 are 
il change in section sections of special eccentric 
to J-16 are special types of Specimens WE-1 te WE-5 
joints of special eccentric 
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With an abrupt eccentric change in section (c) the conditions for the 
previous case would exist with further complications from complex mo- 
ment stresses due to the eccentricity. 


The next point for consideration is a practical one, and may be re- 
garded as a logical compromise between theoretical and practical deduc- 
tions. Theoretically, the perfect joint would consist of like metals and a 
uniform section, i.e., the weld would have to be finished flush with the 
plate surfaces. A practical joint for economical reasons would be as 
deposited, unfinished, and would extend outside the plate surfaces, to 
insure a full thickness of joint. The weld metal as regards some of the 
variables would be unlike the base metal. Here it will be well to mention 
the lack of ductile extensibility, and the structural irregularities of 
ordinary weld metal which primarily possesses the characteristics of cast 
metal. 


Ductile extensibility has to do with the energy of rupture, a measure 
of resistance to impact and adaptability to overstrain, the latter being 
associated mostly with the incidental bending stresses induced by eccen- 
tric connections, scant welds, or accidental irregularities such as flaws or 
inclusions in the weld structure. 


Taking into account the irregularities mentioned it is to be observed that 
the naturally deposited or unfinished weld, when made symmetrical and 
somewhat thicker than the plates joined, affords a means of reinforce- 
ment against failure in this manner. The practical joint would there- 
fore consist of the variables (b) and (c), an abrupt symmetrical change 
in section, and unlike metals. 


The effect of this type of joint is to increase the resistance to lateral 
contraction parallel to the joint. The weld metal acting as a strut or 
stiffener will be subject to the stress considerations for such members. 
The plates adjacent to the weld will receive an unequal distribution of 
stress with subsequent abnormal effects. 


Aside from considerations of strength, the added weld metal of a 
reinforced weld will provide against porous leaks, an essential factor in 
pressure vessel construction. 


For purposes of identification, the classification variables (a), (b), and 
(c) are shown in the lower section of Fig. 1, respectively, as classes “A,” 
“B,” and “C.” Other classifications may be made with the metal vari- 
ables (d), and (e). 


Specimens 

The type of specimen selected for this work is not an all-purpose type, 
but rather a very specific one. The gauge length and width conform 
to the A. S. T. M. standard for plates and flats. This specimen shou!d 
not be confused with the ordinary type generally used for shear tests 
on fillet welds. The stress-strain curves obtained with this specimen 
are of particular advantage as a measure of ductility. 


Reference Symbols 
The markings for the various specimens are as follows: 
J—Indicates a welded joint. 
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P—Indicates a plain plate. 
PE—Indicates a plain plate—special eccentric type. 
WE—Indicates a welded joint—special eccentric type. 


STRESS- STRAIN CURVES 


FOR 
VARIOUS TYPES OF WELDED JOINTS 
SPECIMENS CONFORM TO STD. O° GAGE FIAT PLATE TYPE 


PLEO a wre 


Fic. 2——-Stress-STraAin Curves ror VARIOUS WELDED JOINTS 
Joints J-1 to J-6 embody an abrupt eccen- Specimens P-1 to P-5 are plain plate sec- 
_ tric change in section. tions. 
oints J-7 to J-12 embody an abrupt sym- Specimens PE-1 and PE-2 are plain plate 
_ metrical change in section. sections of special eccentric type. 
joints J-13 to J-16 are special types of Specimens W£2H-1 to WE-5 are welded 
joints. joints of special eccentric type. 
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The J specimens were made in pairs, the individual specimens being 
indicated by the small numeral exponents (1 and 2) written with the 
joint number given under the photographic reproductions of each of 
the specimens. 


Material 


The material used for all J and P specimens was an ordinary grade of 
tank plate. The physical properties are shown by Curve P-1 in Fig. 2 
and are given for comparison in several cases as indicated by the dotted 
lines superimposed on the curves of the various joints. Specimens PE 
and WE were made from structural steel flats. All specimens were ', 
in. thick except J-8, which was %4 in. An ordinary grade of welding 
wire was used in all cases. 













Diagrams and Photographs 
The stress-strain curves are shown in Fig. 2. The vertical or stress 





scale gives the actual ioad on the net section of the specimen. The hori- ' 
zontal or strain scale is in inches. Fig. 1 shows the correlation of all d 
the calculated properties. In Figs. 3 to 8 inclusive the specimens have _ 
been arranged in pairs, one on each side of the line sketch of the joint. S 
Two views of specimens J-1 to J-12 inclusive are shown. For the others ) 
only one view is given. The markers at the edge of the specimens in- : : 





















dicate the elongation. 
General Remarks 


In addition to the accompanying diagrams and photographic reproduc- 
tions of all the specimens, observations were noted during test and a care- 
ful post-examination made of each specimen. The information was then 
tabulated and examined for fundamental data. It was first intended to 
report these data as collected for each of the specimens. On second con- 
sideration, and in view of the recurrence of similar results, it appeared 
that a more comprehensive understanding would be had from a general 
treatment with proper reference to specific cases. The results are there- 
fore reported in the following general summary. 


SUMMARY OF TENSILE TEST RESULTS 

Variable (a): A Uniform Section 

Two specimens of this type (J-12 and J-16) were tested. Specimen 
J-12' was machined slightly below the surface of the plates to insure 
rupture in the weld. The test was made in parallel with a plain specimen ‘ 
P-2 inserted at the same time for comparison. With only a few thou- ; 
sandths of an inch reduction in section, rupture occurred at a little over 
0.7 in. elongation. Specimen J-12* was machined a comparative amount 
oversize, resulting in about 1.8 in. elongation. The slight difference in 
size was sufficient to transfer the concentrated energy of rupture from 
the weld to the adjacent plate. 


Specimen J-16' was finished exactly flush with the plate surfaces. T! 
results obtained for this specimen were more nearly normal compared 
with a plain plate than for any other type tested. The results in terms 
of efficiency as compared with P-1 are given below: 


eyapetets 7s 














ae 99 per cent 
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Pg 81 per cent 
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From these results it would seem that good evidence of the effects of 
variable (a) is to be found in this specimen. Specimen J-16° was 


not finished exactly flush with the plates, the welds being slightly rein- 


reed. The result was a lower energy of rupture. 


Variable (b): An Abrupt Symmetrical Change in Sectio 


Five specimens of this type (J-7, 8, 9, 19, and 11) were tested. All 
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broke in the plates except J-8, which was intended to break at the welds. 
the plate in this case being %4 in. thick. (Specimen J-10 has the ap- 
pearance of an unsymmetrical section. A number of tests with this 
type of specimen warrant the classification it has been given here when 
proper reinforcement and good penetration are assured.) The fact that 
all of the %4-in. specimens broke in the plates would seem to be evidence 
of the reliability secured by the equal stress distribution in the welds 
when the section is symmetrical. The absence of bending is also ap- 
parent in the straightness of the specimens after rupture. 


Referring to specimens J-7, -10, and -11 (Figs. 5 and 6), it will be 
seen that elongation was restricted to the ruptured plate while both 
sides of J-9 were elongated. This shows a better distribution of stress 
and accounts for the greater energy of rupture for this pair of speci- 
mens, which are obviously the outstanding members in this class. 


Specimens J-7 and J-8 were made for comparison. The straps and 
welds were made alike; but J-7, made from %%-in. plate, was intended 
to break in the plate. Specimen J-8 was *4-in. thick and intended to fail 
in the welds. The purpose was to determine the factors for both condi- 
tions. The ultimate strength of the plate was found to be 51,400 Ib. per 
sq. in. The welds were good for an average of 34,000 lb. per joint. The 
thickness of plate that could be developed by the welds would be 0.66 in. 
The ultimate strength of a plain specimen (P-1) was 53,400 Ib. per sq. 
in. Using this as a basis, the ultimate strength efficiency would be 96 
per cent. From similar reasoning the energy of rupture would be 
reduced to 47 per cent. These differences may be regarded as the effects 
of an abrupt symmetrical change in section. 


Variable (c): An Abrupt Eccentric Change in Section 


Nine types of this class (J-1, -2, -3, -4, -5, -6, -13, -14, and -15) were 
tested, making eighteen specimens in all. Nine of the eighteen broke 
in the welds. There is no doubt that bending was not the chief con- 
tributor to these failures. An examination of the photographs (Figs. 
3, 4, and 7) will bear out this statement. 


Out of the nine pairs tested, the failures of five alternated from weld 
to plate. That is, one occurred in the weld and one in the plate for each 
pair. This is probably due to the excessive bending stresses present in 
this type of joint, and would seem to indicate that the margin of resis- 
tance in either case is rather small. An examination of the weld frac- 
tures gave further evidence of the slight variation in the weld structure 
required to cause failure in this manner. Referring to J-1l’, as an 
example, the fractured weld showed an eight per cent reinforcement 0 
the strap side of the “V” weld and a five per cent lack of penetration for 
the opposite side. With this scant reinforcement and the breach at the 
extreme tension fibers the conditions were favorable for a rapid failure 
As indicated in the stress-strain diagram, failure occurred within an 
elongation of about 0.2 in., giving a very low energy of rupture. An 
examination of J-1*, which failed in the plate, showed 20 per cent rein- 
forcement with only two per cent lack of penetration, which was sufficient 
to transfer most of the bending to the adjacent plates as indicated 
the bends at these points. 
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S Lat 
; Specimen J-3' gave a similar result to that for J-1 In this case 
™ failure was due to an inclusion (at left-hand side of fracture shown in 
P Fig. 3) which again gives evidence of the small margin of safety in 
t a sting the excessive bending stresses in this type of specimen. 
© 4 \s a check on the variable (c), specimen P-4 was made for comparison 
| th J-3°. The same size strap was welded to a plain specimen to observe 
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the effects of the abrupt eccentric change in section due entirely to the 
added metal. The following are the comparative results based on those 
for P-1: 
J-3° P-4 

Ultimate strength 95 per cent 100 per cent 

Yield point 100 per cent 100 per cent 

Energy of rupture 57 per cent 66 per cent 

The results are practically the same, showing the major loss as com- 

pared with P-1 to be in the energy of rupture. Considerable bending was 
also in evidence. 


TESTS OF DUCTILE ADAPTABILITY TO OVERSTRAIN 


In a great many cases the ultimate failure of a joint is initiated by 
incidental bending stresses. These stresses are due to some form of 
eccentricity existing in the connection. Although plastic as well as 
ductile deformations are involved in bending, it is the extreme tension 
fibers which are affected most. When an eccentric member has sufficient 
ductile resistivity to endure the incidental bending induced by an axial 
adjustment to direct stress, some of the fibers may have been dangerously 
overstrained. Any additional overstraining wouid result in a complete 
failure by rupture, should the adjustment have alleviated all conditions 
for additional overstraining by permanent deformation and a smal! 
margin (say 15 to 20 per cent) of the local energy of rupture remained 
in the most highly overstressed extreme fibers. The material may be 
regarded as perfectly suitable for additional straining within the primary 
elastic limit. The new elastic limit developed by overstraining would un- 
doubtedly be much higher. 


Effects of Overstraining 


The effects which are to be described have been observed from plain 
plate specimens similar to P-1 which, of course, is of measurable size; 
however, the results are applicable to any local fiber of a member regard- 
less of size. Specimen P-3 was overstrained nearly to its ultimate 
strength; the load was then removed and an interval of 16 hours rest 
allowed, after which the load was continued to the point of rupture. The 
comparative results in terms of a normal slow tensile test are as follows: 


Ultimate strength (increased) cent 
Yield point (increased) cent 
Total energy of rupture (decreased).... cent 
Remaining energy of rupture cent 
Total energy of rupture (loss) cent 
Permanent deformation cent 


A temporary overstraining of this magnitude could not possibly prove 
detrimental to the long life and security of the metal, providing no addi- 
tional overstraining were imposed and the permanent deformation prop- 
erly taken up. A metal having undergone the cold-working process of 
strain-hardening, as in this case, exhibits the qualities associated with 
greater hardness; for instance, it is tougher and more resilient as indi- 
cated by the higher elastic limit. 


Specimen P-5 was subjected to indefinite overstraining, the load being 
applied and removed steadily and without rest until rupture occurred. 
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The results were a new elastic limit and yield point for each consecutive 
application of the load, the total permanent deformation increasing and 
the energy of rupture decreasing for each repetition 

The results are more comprehensive in tabular form and are given in 
Table I, also in the stress-strain curve (Fig. 2). 

The gradual loss in ductility as given by the figures for energy of rup- 
ture may be regarded as the progressive nature of failure developed by 
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continued or indefinite repetitions of overstrain. The energy of ruptur. 
is seen to be gradually absorbed until final rupture ensues. Each repet 
tion produces a new and distinct group of properties. Incidentally, t! 
quality of a metal after any amount of overstraining cannot be dete: 
mined by a single test without knowledge of its previous strain histor) 


For comparative purposes the dotted line a, representing a less ductil: 
metal, has been superimposed on Curve P-5. The computed results in 


TABLE I 
RESULTS OF TESTS ON SPECIMEN P-5 


Stress Remaining Permanent 
Repetition Yield Point Energy of Rupture Deformation 
Number (Lb.) (Ft-lb.) 
36,000 3,845 
36,700 3,785 
40,700 3,540 
43,400 3,460 
47,400 3,190 
48,700 3,040 
50,700 2,650 
52,000 2,230 
53,400 1,560 
54,000 890 
50,700 140 


Rupture 
TABLE II 
COMPARATIVE RESULTS FROM LESS DUCTILE METAL 
Stress Remaining Permanent 


Repetition Yield Point Energy of Rupture Deformation 
Number (Lb.) (Ft-lb.) (In.) 
36,000 1,800 0.25 
36,700 1,740 0.24 
40,700 1,495 0.31 
43,400 1,415 0.48 
47,400 1,145 0.58 
48,700 995 0.68 
50,700 605 0.83 
52,000 185 1.08 
Rupture 1.20 
Table II permit a direct comparison which shows that ductility is th 


criterion for adaptability to overstrain. 


As a means of comparing the ductile quality of the weld meta! wit! 
that of the base metal, a special eccentric specimen was used. The gen- 
eral dimensions and gage length were made the same as for the other 
specimens, the difference being in an eccentric offset at the center, in- 
tended to induce bending. The tests were made with the following speci- 
mens: 


KRPoOoVoa-A or Oto 


= 


Plain plate 

Finished butt weld 

10 per cent reinforced butt weld 

20 per cent reinforced butt weld 

The results for PE-1 and 2 are: 
PE-1 PE-2 

Ultimate strength in lb 60,000 60,000 
es WOU MO 0606 cars ss. dkn>sic.... S800 33,400 
Elongation (percentage) 21.6 18.1 
Energy of rupture in ft-lb............... 3,000 2,330 
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The lack of ductility in the weld metal is clearly demonstrated in the 
results for specimens WE-1, -2, and -3 based on PE-1, which follow: 


WE-1 . WE-2 WE-3 
ltimate strength ........... 78 per cent 75 per cent 71 per cent 
eld point ................ 100 per cent 100 per cent 100 per cent 
ee es rer 2.7 per cent 2.7 per cent 1.4 per cent 

Energy of rupture . -e-++- 18 per cent 12 per cent 8 per cent 
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The effectiveness of reinforcing a weld against lack of ductility 
evidenced by the results obtained for WE-4 and -5, which are given as 
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follows in terms of PE-1: 


Ultimate strength 


Yield point 
Elongation 


Energy of rupture ....... 








WE-J 


110 per cent 
112 per cent 





74 per cent 
70 per cent 





WE-5 
110 per cent 
112 per cent 
103 per cent 
103 per cent 
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Having only 10 per cent reinforcement, WE-4 broke in the weld, which 
accounts for the lower ductility. Probably a 15 per cent reinforcement 
r WE-5 would have been as effective as 20 per cent 
Plug Welds 
Specimens J-13 and J-14 (Fig. 7) are two types of plug welded joints. 








WE4 Ss 


Fig. 8—SpeciaL Eccentric SPECIMENS FOR INTKODU¢ 
DuRING TESTS 
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These welds are not intended to develop the full strength of the plates 
joined, but as an indication of the strength of this type of weld. Th: 
results of test are shown in Figs. 1 and 2. 


GENERAL CONCLUSIONS 


Ample reinforcement and fillets of proper size offer the most practica 
means of insurance against failure by irregularities in the weld meta! 
and structure and by overstraining due to incidental bending stresses. 


The amount of reinforcement required for any case will depend entirely 
upon the degree of perfection acquired in the production of normally 
good welds, by any particular method; in any event the weld should b: 
as nearly symmetrical as possible with just sufficient reinforcement to 
meet the strength requirements. The nearer an approach is made to th« 
variable (a) and (b) the more nearly normal will be the results. 


Ductility is a highly desirable quality in mild steel weld metal whe 
used for structural welding. 


Lack of penetration is one of the most common faults to be found in : 
welded joint and is especially detrimental when bending is present. 

In reviewing the results obtained from the stress-strain curves, certain 
phenomena associated with different manners of failure were observed. 
The first case is most apparent in specimens J-3' and J-5' which failed 
in the welds; and J-3° and J-5° having failed in the plates. (It will be 
noted that each pair of specimen had a failure in the weld and in th« 
plate.) When failure occurred in the weld, a higher yield point and 
ultimate strength with a corresponding decrease in elongation as com- 
pared with those for the plate was obtained. From the second case, quit« 
a different result was obtained. Specimens J-9', J-9°, and J-12’ failed 
in the plates with similar increases in yield point and ultimate strength 
and an exceptionally good elongation for a welded joint. There are 
at least two likely sources of explanation as to the circumstances out of 
which these abnormalities arise. They are (1) strain-hardening by cold 
working, and (2) rapid deformation, such as might approach the natur: 
of impact as from a single blow. It is known that the results from in- 
creased hardness or sudden deformation will yield results similar to thos« 
obtained for the cases mentioned. With this in mind it seems reasonable 
to assume for the first case that with the work of rupture concentrated 
in the more brittle and less ductile weld metal the rapid deformation 
which ensued probably approached the suddenness of impact, while for 
the second case the process of hardening by cold working would seem 
most logical. 








Discussion Papers Presented 


at Fall Meeting, A.W.S. 
TUESDAY MORNING SESSION 


September 23, 1930 


rT HE first Technical Session of the Tenth Fall Meeting of the Amer- 

_ican Welding Society, held at the Congress Hotel, Chicago, IIl., 
Sept. 22-26, 1930, convened at 10.30 o’clock, Mr. J. J. Crowe, member 
of the Executive Committee of the Society, presiding as Chairman. 


Discussion paper on “Arc Welding of Aluminum” by Mr. W. M. Dun- 
lap, Aluminum Company of America.+ 


Chairman Crowe: You have all heard this most interesting paper 
by Mr. Dunlap. It differs from a great many papers in that instead of 
dealing with broad generalities it has given some very definite infor- 
mation and I feel sure that a large number of those present will want 
to discuss this paper. 


Mr. Thomas 8S. Gaylord (Eastman Kodak Company): I should like 
to know what amperage he uses. 


Mr. Dunlap: The amperage, of course, will depend upon the size of 
the rod and the thickness of the material. For a ‘%-in. rod the amper- 
age will vary from 85 to 100 amperes, depending upon whether it is a 
fillet weld or a straight butt weld, and somewhat upon the thickness. 
For a 3/16-in. electrode the amperage will vary from 100 to 125 am- 
peres, depending upon conditions. 


Mr. R. Kraus (Westinghouse Electric & Manufacturing Company) : 
Mr. Dunlap, do you preheat aluminum castings? Do you do much ex- 
perimenting with the welding of such castings? 


Mr. Dunlap: We have done some experimental work with the weld- 
ing of aluminum castings, and whether or not preheatitng is neces- 
sary will depend upon where you are going to make the weld. If you 
have rather thin sections in complicated castings with strengthening 
ribs or thin sections joining to the heavier sections, or if the places 
you wish to weld are surrounded with solid metal, it may be necessary 
to preheat. However, if the casting is fairly heavy and you have uni- 
form cross-section, or if the repairs are to be near the edge of the cast- 
ing, preheating will not be necessary. If you are going to weld at a 
point in the middle of the casting which is surrounded by cold metal, 
that point is going to expand with the heat, and you are likely to crack 
the casting if you don’t preheat it. 


Mr. Kraus: Do you feel that you should clean the casting before 
welding? Do you use any kind of back-up bar or anything of that 
kind? 


*+Paper published in the October, 1930, issue Journal A. W. 8S. 
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Mr. Dunlap: In welding castings, if the weld has to penetrate clear 
through, for instance, if it is a crack and we want to go through a 
heavy casting, we can weld on one side and then turn it over and weld 
on the other. If it is a light casting, say 4% or %4 in. thick, we use a 
backing strip, either steel or copper. We prefer to use copper as we 
find it gives a better, cleaner weld. 


Mr. Clay W. Roberts (Pennsylvania Railroad Company): In weld- 
ing or filling up of holes in an aluminum casting, is it necessary to 
countersink or prepare the hole? Would that be an advantage, and 
would it be necessary or advantageous to preheat in order to prevent 
cracking after the hole has been filled? 


Mr. Dunlap: Cleaning the hole depends upon conditions. If you 
have a cavity in a casting that is full of sand or dirt, it is advisable to 
clean it out, so as to get a clean cavity to fill. If it is just a blowhole 


or cavity that is clean, it isn’t necessary to do any tooling or cleaning 
out. 


Mr. Roberts: Preheating, then, in filling holes would be the proper 
procedure, would it not? 


Mr. Dunlap: It depends upon the location of the hole and the cast- 
ing. If you have a small hole to fill in the casting near the edge, or 
if the edge of the casting is broken off, it may not be necessary to pre- 
heat. If you are going to bring the casting up to a very high tem- 
perature and if the weld will be surrounded by cold metal, it is ad- 
visable to preheat. As you know, the thermal expansion of aluminum 
is high and expansion must take place when heat is applied. In the case 
of a casting, the metal surrounding the point at which heat is applied 
must be heavy enough and have enough ductility to withstand the 
strain incident to expansion, or cracking will result. 


Mr. A. Ralph Eckberg (Eastman Kodak Company): What is the 
condition of the metal adjacent to the weld once you have welded with 
the arc welding method? Is the tensile strength equal to that of the 
original metal? What is the condition of the weld proper? Do your 
tests indicate what kind of tensile strength you get in the weld itself? 


Mr. Dunlap: The weld proper is in a chill cast condition. The cast 
metal has a fine grain structure and is very sound. The metal adja- 
cent to the weld is, of course, in the wrought condition and the strength 
of the metal adjacent to the weld will depend upon the alloy that is 
being welded and the original temper of this alloy. If annealed mate- 
rial is being welded, the welded section will develop 100 per cent 
strength efficiency. If hard rolled or cold drawn metal is being welded, 
the strength will be between that of annealed material and cold worked 
material. The metal adjacent to the weld will not be fully annealed 
by the heat of welding. Cold rolled material will exhibit the following 
zones after welding: Cast metal in the weld proper. An area approxi- 
mately 1/16 in. in width, depending upon the thickness of the material, 
that has been partially annealed by the welding heat. Beyond this 
area the sheet will not be affected by the heat of welding. The par- 
tially annealed area immediately adjacent to the weld is the point at 
which failure will occur if test specimens cut across the weld are 
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pulled. In the case of a heat treated alloy, the following zones will be 
observed: The weld proper will be in the cast condition and imme- 
diately adjacent to this will be an area that has been raised to the 
heat-treating temperature by the welding heat and received an air 
quench. Adjacent to this area will be a third area that has been par- 
tially annealed. Following this will be a fourth area that has been 
artificially aged and this artificial aging will probably have caused ex- 
cessive precipitation at the grain boundaries. Beyond this zone will 
be the original unaffected material. In the case of welded heat treated 
alloys, the fourth, or over-aged, area usually constitutes the weak link. 
This is assuming, of course, that the weld is properly made and the 
cast metal in the weld proper has been built up so as to be somewhat 
thicker than the sheet being welded. 


The weld as made, in 178I (duralumin), will develop a tensile 
strength of 40,000 lb. per square inch, as compared with 55,000 lb. per 
square inch for the original material. If we hammer the weld cold 
after the welding is completed, we will raise the tensile strength to 
approximately 45,000 lb. per square inch. If we heat treat after weld- 
ing we will raise the tensile strength to around 48,000 lb. per square 
inch. If we hammer the weld cold and then heat treat we will get a 
tensile strength of about 51,000 lb. per square inch. Some work is of 
such a nature that it is not practical to hammer it. There are not very 
many fabricated articles that it is practicable to heat treat. After 
heat treating, in order to obtain the proper corrosion resistance, the 
metal must be water quenched. Quenching means some distortion. 


Mr. Eckberg: The best thing to do is to use annealed aluminum to 
start with. 


Mr. Dunlap: Yes, if the annealed aluminum is satisfactory for the 
purpose. Of course sometimes one wants a harder material, a stronger 
material, and therefore annealed material cannot be used. In that case 
we can often make the joint in such places that maximum strength or 
stiffness is not required immediately at the joint. 


Professor C. A. Adams (Harvard University): I should like to ask 
in the case of duralumin, where you need the maximum strength, what 
is the fatigue or endurance limit of the weld? How does it compare 
at the affected joint near the weld with that of the original metal? 


Mr. Dunlap: I don’t have sufficient data to give you a definite answer 
to that question. We are collecting some data on that right now. 
The fatigue properties of the material right adjacent to the weld will 
be practically the same as that of the base metal, but at the weld itself 
of course they will not be the same. Duralumin in the cast condition is 
probably the most brittle commercial aluminum alloy we have. While 
the weld has more ductility than the casting, the elongation is low. As 
welded, the elongation in the weld will probably be in the neighbor- 
hood of 5 per cent, as compared with 18 per cent in the base metal, 
and as we hammer the weld we raise the elongation to perhaps 7 per 
cent. When we hammer and heat treat the weld we raise the elonga- 
tion to 10 or 12 per cent, but our best elongation is not more than 
60 per cent of that of the original material. In tension or compres- 
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sion, the strength is high, almost approaching the original material, 
but the ductility of the weld is rather low. 


Chairman Crowe: I wonder if Mr. Timken of the Aluminum Com- 
pany of America would care to contribute something to Professor 
Adams’ question. 


Mr. Timken (Aluminum Company of America): With regard to the 
fatigue or endurance limit of the material, we know that the endur- 
ance limit, as determined by the rotating beam type of specimen, of 
annealed duralumin is about 13,000 pounds per square inch. These 
results are predicated on 500,000,000 cycles of stress. After heat treat- 
ment it goes up to the neighborhood of 15,000 to 16,000 pounds per 
square inch in the region of the weld, which is the same as cast metal, 
and we don’t have convincing data on such material. The cast alloys, 
which correspond most nearly to duralumin, are sufficiently far away 
in chemical composition that I think it would be a mistake to try to 
say that the results obtained on them are those to be expected in 
the cast duralumin that occurs in the case of a weld. 


That is about as far as our information today will allow us to 
answer that question specifically. As Mr. Dunlap pointed out, we 
have a whole battery of machines and we have just started on this 
problem, but it is too early to give results because of the long time 
involved in making such tests. 


Mr. James W. Owens (Welding Engineering & Research Corp.): Mr. 
Dunlap has stated that the porous aluminum weld has a higher 
strength than one that is not porous. I should like to know how he 
obtains that information. 


Mr. Dunlap: I don’t mean to say that a porous weld has a higher 
strength than one that is not porous, but we have found that in spite 
of the slight amount of porosity in arc welding, we get better strength 
than we do in torch welding. The porosity is not bad. There are a 
good many pores but most of them are too small to be seen with th: 
naked eye, except in a very light section. Material from .064 inch up 
to about one-eighth inch thick welded with the metallic are often shows 
this fine porosity. When we get into heavier material, from one-eighth 
to one-quarter and up, there is practically no porosity and we get ver) 
sound welds. The freezing of the material is more slow, so that the 
gas has a better chance to escape, whereas in the light material the 
solidification is almost instantaneous and the gas is trapped in th: 
weld. It is just simply a fine gas pocket, no other inclusions are ther 


Professor Adams: Would welds of this variety be satisfactory i: 
airplane structures or machinery where the welds are subject to 
fatigue failure? 


Mr. Dunlap: At the present time I wouldn’t recommend the weld 
ing of aircraft structures. Those structures are subjected to severe 


vibration strains and I would not recommend it, although some peop!e 
are doing it. 


Chairman Crowe: I wonder if Mr. R. R. Moore of the Wright Con 
pany would care to contribute to Professor Adams’ question. 
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Mr. R. R. Moore (Wright Company): The welding of major stress 
parts on either aircraft construction or aircraft engines is prohibi- 
tive. We don’t do it at all. In fact, we know too little about the 
strength of welded aluminum alloys. One gentleman asked as to 
whether blow-holes should be welded and whether they should be pre- 
heated. We think it is better practice, in the case where you have 
blow-holes in the casting and where they are not in a stressed location, 
to solder rather than weld, the idea being just a matter of appearance. 
That is, I don’t believe that you help the strength of a casting by 
welding up a blow-hole. Where there is any welding to be done, we 
always preheat the casting. Of course it is much more important 
to preheat the casting when the casting is a complicated section, 
with various large and small dimensions. In any case it is standard 
practice to always preheat the casting where welding is done. In 
some cases Army and Navy requirements are that parts be not welded 
if there are blow-holes to be cleaned out, so that you get to the bottom 
of the blow-hole. They will even prohibit soldering. In some cases 
to improve the looks of the casting we do solder. As I said before, 
welding is not desirable to fill a blow-hole because it doesn’t improve 
the strength of the casting a bit. 


Mr. Gaylord: I wanted to ask how he welded Alclad. 

Mr. Dunlap: Alclad can be welded just the same as uncoated metal. 
Mr. Gaylord: What is that composed of? 

Mr. Dunlap: The coating or the core? 


Mr. Gaylord: I understand the aluminum is on one side and the 
base metal on the other. 


Mr. Dunlap: Alclad 17ST (duraluminum) consists of a core com- 
nosed of 17ST that has a thin coating of pure aluminum on either side 
of it, which protects the core against corrosion in the same manner 
that zine protects galvanized iron. 


Mr. Gaylord: I thought. it was another base metal. 


Mr. Dunlap: A very thin coating of pure aluminum on either side 
ff the 17ST core. 


Mr. J. C. Lincoln (Lincoln Electric Company): I understand Mr. 
Dunlap to say in the first part of the paper that the aluminum as it 
drops off the end of the electrode would tend to go to the cold part 
of the plate rather than to the hot part of the plate. That is so 
different from the practice that we are acquainted with in steel welding 
that I wanted to bring that point out and find out what the facts were. 


Another thing I should like to inquire about is this: Is the coating 
n the outside of the electrode of such a nature that to some extent 
t encloses the arc so as to prevent the air striking the arc. 


‘Mr. Dunlap: I probably didn’t make myself clear in the first part 
{ the paper. The point I was bringing out was that the are would 
tend to draw from a cold point on the end of the electrode rather than 
‘rom the hot spot, and not that the metal would go from the electrode 
to the cold spot on the base metal. In other words, if we use an 
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uncoated rod the are will tend to run round and round the rod, 
instead of coming off steadily. This fluctuation in the are gives an un- 
stable current, and the biggest trouble we have is from the aluminum 
coming off in large drops instead of passing off in very small globules. 
The flux coating on the rod has a slightly higher melting point than 
the rod itself so there is a sheath immediately around the arc at the 
end of the electrode. The sheath practically touches the base metal, 
but not quite. 


Mr. Lincoln: So that the sheath very largely prevents the air from 
striking the melting aluminum? 


Mr. Dunlap: Yes. 


Mr. Ralph Warrender (Westinghouse Electric & Manufacturing 
Company): I should like to ask Mr. Dunlap to what extent aluminum 
arc welding has been applied to large receptacles of plate aluminum, 
for instance, in tank work, and in places where you don’t have an edge 
to work on, where you work in the center of a large plate, where you 
have great heat radiation? 


Mr. Dunlap: Arc welding, to the best of my knowledge, has not been 
used as yet on tank work or material of that kind. Its greatest use 
has so far been in architectural work, door frames, window frames, 
and doors. We are getting started on some investigational work in 
connection with the welding of tanks and I see no reason why it 
won’t work out very well. As you probably know, arc welding of 
aluminum is something that has been developed in the last few months 
and the field hasn’t been very thoroughly covered as yet. 


Mr. N. Mayhew (Westinghouse Electric & Manufacturing Com- 
pany): I should like to ask Mr. Duniap, when he is welding two thin 
plates, say one-eighth inch plates, does he have any trouble with 
porosity when he just starts the weld? 


Mr. Dunlap: We find no more porosity there than we do anywhere 
else in the weld. In using a backing strip on a butt weld, we usually 
strike our are on the backing strip at the edge of the metal, and then 
proceed down the seam. That keeps us from having trouble at the edge 
of the weld. We have no trouble with porosity at the beginning or 
end of the joint. 


Chairman Crowe: If there are no more questions we will close the 
discussion at this point. At the end of the session if there is any 
time remaining we will again open this paper for any further dis 
cussion that you may care to contribute. 


The next paper on the program is the one that is listed first, “Weld- 
ing of Stainless Steel,” by Mr. L. W. Hostettler, of the Allegheny Stee! 
Company. I believe he is here now. 


Paper and Discussion on “Welding of Stainless Steel,” by Mr. L. W. 
Hostettler, Allegheny Steel Company. 


Mr. L. W. Hostettler: The alloy, containing 18 per cent chromium 
and 8 per cent nickel, is non-magnetic and doesn’t respond to heat 
treatment in any way. It has about one and one-half times the 
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expansion coefficient of mild steel, which creates expansion and con- 
traction problems when welding. It has an even higher electrical 
resistance than the straight chrome irons, which is another point that 
must be considered when are welding is used. The thermoconductivity 
of the 18-8 alloy is slightly less than one-half of that of wrought iron, 
whereas the straight chrome stainless iron is about two-thirds of 
wrought iron. 


The successful welding of those alloys depends entirely upon the 
proper technique, the proper electrodes and the proper flux, particu- 
larly the flux. 


The straight chrome irons can be welded either by the oxyacetylene 
flame, the metal arc, carbon arc, resistance spot, or the compression 
butt weld. In the use of the oxyacetylene method, it is necessary, if 
you want to secure a good sound weld, one that is free from porosity, 
to use a flame that is slightly reducing. Great care must be taken not 
to deposit any carbon in the weld as this has caused quite a number 
of failures in welded sections. 


Metal arc welding is recommended, but is not practicable on any- 
thing lighter than a No. 14 gage sheet. For lighter gages than this 
we recommend the oxyacetylene method of welding. 


I mentioned the fact that the electrical resistance of the straight 
chrome iron was higher than mild steel. That means that it is not 
necessary to use as much power input as would be used in the same 
gage material in steel. We have found that a short arc makes a much 
sounder weld than the long arc. Incidentally, I might say that most 
of the welds that are made on these stainless alloys are called upon 
to be practically 100 per cent perfect, so far as porosity is concerned, 
and in the chemical analysis of the weld itself. 


A great deal of spot welding is being done, and very successfully. 
It is a matter for the operator to determine by experience what pres- 
sure, time and power input to use for given gages of a given alloy. 
We have seen spot welding that is being done commercially and regu- 
larly, where there is practically no burning or pitting of the welds. 


Welds made in straight chrome irons become air hardened, as the 
metal has been heated above the critical temperature, and the welds 
become fairly brittle, particularly when using chrome content of 12 
to 16 per cent. With the higher chrome content there is not as much 
‘ir hardening. 


The method of annealing that is most generally used is to bring the 
material up to about 1425 deg. Fahr. and air cool it. The other method 
s to bring it up above its critical point, which is about 1500 deg. Fahr., 
ind then bring it back and temper it the same as you would in the case 
f ordinary high carbon tool steel or other similar material. 


When you want to remove a bead by grinding, use a so-called soft 
v7 that will not take too much time, or raise the temperature 
nduly. 


One of the big problems in welding of these alloys is to keep thet 
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from going out of shape, which, of course, depends altogether upon 
the shape and design of the piece that you are welding. 


There is actually more welding being done on the 18-8 chrome 
nickel alloys and therefore there is more interest in these than in the 
straight chrome irons. These alloys have the characteristics that | 
outlined a minute ago. One is the extremely high expansion coeffi- 
cient and the other is the extremely low thermal conductivity. 


In welding these properties sometimes cause trouble. In tank 
work, for instance, where you are making tanks of this alloy of sev- 
eral thousands gallons capacity, it requires quite a bit of skill on the 
part of the operator to weld long seams in 12 gage or 10 gage sheets, 
and not have them buckle. 


Arc welding is recommended as it is quicker, and the heat doesn’t 
get an opportunity to travel over as great an area of the sheets. 


In welding these alloys by oxyacetylene on many shapes and sections 
it is necessary to use jigs and chill plates to keep the heat from 
buckling the piece. 


We have found, incidentally, in checking up on some failures of 
welded sections in that particular alloy, that at times the carbon has 
been built up in the weld as high as .40 to .60 per cent. That was 
caused, we found, by the flux that was used on the rod. It is neces- 
sary, of course, to use a coated rod, in arc welding, whereas this is 
not. necessary in oxyacetylene welding this particular alloy. The flux 
that is used should contain no graphite or any other carbonaceous 
compound to react and raise the carbon content of the weld metal. 


The chrome nickel alloy is generally furnished with a maximum of 
about .16 carbon. There are certain applications where it is necessary 
to have a slightly higher carbon content. Ordinarily, it is best for weld- 
ing to have the carbon under .10, and to have a welding rod that is 
low in carbon and preferably rather high on the chromium side. The 
ordinary range of chromium is 17 to 20 per cent with 7 to 10 per cent 
nickel. A certain amount of the chromium is lost during the welding 
operation. Therefore it is recommended that the rods have in excess 
of 18 per cent chromium with a maximum of .10 carbon. 


The 18-8 alloy is a so-called austenitic alloy in that it is non 
magnetic, does not respond to heat treatment and the carbon is in 
solid solution at all temperatures. If, however, service requirements 
of the fabricated material will involve temperature ranges, from 1000 
deg. Fahr. to about 1550 deg. Fahr., for certain applications, it wil! 
be necessary to anneal the piece after it is welded. 


The only one way to do this properly is to anneal the entire piece 
of equipment after welding. This sometimes is quite troublesome to 
the fabricator, because he doesn’t have furnace equipment large enoug! 
and of the proper type to do it, but nevertheless the manufacturers 
of this particular type of alloy know that it is absolutely necessar) 
for certain applications. 


One use to which this alloy has been put to a very large extent is in 
kitchen equipment and things of that sort. You can weld with either 
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vas or are and you need have no fear of failure adjacent to the weld 
due to what is known as intercrystalline corrosion. 


The proper annealing temperature is 1800 deg. Fahr., up to 2000 
deg. Fahr. Naturally, if you are annealing at 2000 deg. the time will 
be much shorter than if you are annealing at 1800 deg. Of course, 
the time will depend upon the cross-section of the piece that you are 
heat treating or annealing. 


If you were going to build containers for nitric acid, to which that 
particular alloy is very resistant, it would be necessary to anneal after 
welding. On the other hand, if you are building equipment of this 
alloy for the dairy industry it is not necessary to anneal, even though 


certain types of dairy apparatus are jacketed and subjected to brine 
and water and air. 


One company that is using welded sections of this alloy in strip 
has developed a special machine which welds material that runs about 
010 to .012 inches in thickness in one twelve hundredth part of a 
second. That is pretty quick. The strip they are using is furnished 
to them with a minimum of 225,000 pounds tensile, and it is hardly 
possible for them to anneal it. They have made tests on corrosion 
and have found quite a difference between the welding as they are 
doing it with an extremely short time element as compared to the spot 
welding that is ordinarily done. 


I mentioned intercrystalline corrosion and that failure is likely to 
occur in certain applications with that alloy adjacent to the weld. I 
should like to give you an illustration. Take a piece of alloy and 
weld it by the are or by the oxyacetylene method, using the proper 
technique. Physical tests may show it to be about as near perfect as 
you can get it. You can hammer it, you can do all sorts of things 
with it, tie it in a knot, figuratively speaking. Take the piece and cut 
it in two after it is welded and anneal one half of it at 1800 to 2000 
deg. Fahr. Then subject both of those pieces to an accelerated corro- 
sion test, the one that is welded and annealed and the one that is 
welded and unannealed. You will find, for instance, that after 150 
hours the piece that was not annealed will show a failure adjacent 


to the weld, while there will be no failure in the piece that has been 
annealed. 


Manufacturers prefer to have the users of this alloy take up with 
them what it is going to be used for and let them assist in solving the 
problems in order to prevent troubles. 


I should like to point out an example in connection with welding and 
misapplications. A concern manufacturing food products used this 
illoy very successfully in the handling and manufacturing of mayon- 
naise. Quite a bit of their equipment and machinery was welded. To 
this manufacturer welding was a cure-all, apparently, because he 
found that it stood up beautifully in the egg yolk, though he wasn’t 
30 sure about vinegar. He tried it in vinegar and used it regularly 
for about two years and a half, and it worked fine. He therefore 
decided to have a storage tank built for his vinegar with welded con- 
struction. He specified 14 gage, welded. He didn’t specify whether 
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it was to be welded by the arc or gas method. He didn’t specify 
whether it was to be annealed after welding. All he specified was: a 
welded tank, polished inside and out. The tank went into service. 
oxyacetylene welded. In about three months it began to leak right 
through the weld, and failed. He blamed the welding. 


We happened to be called in on the thing. You can picture our 
position, between the fabricator and the user. We told the company 
that had they consulted us before they had the tank installed we 
would have recommended against a welded type of construction, 
because it was a type of tank that it would have been commercially 
impossible to anneal after welding. 


That particular plant finally came to the realization that it wasn’t 
the fabricator’s fault. He made a perfectly good weld, but it was a 
misapplication. Since then they ordered a tank made of three-six- 
teenths inch plate, riveted and caulked. 


There is another point in connection with the welded sections. Much 
of this material is welded and used in the polished condition for the 
reason that, like all other metals, the surface has a lot to do with 
the resistance to discoloration, tarnishing and corrosion. There is 
where the tough problem comes with the welding, because in equip- 
ment of that kind, after welding, you have to grind off the bead 
and have it 100 per cent free from porosity and pinholes. Don’t at- 
tempt to use too light a gage of material, because if you don’t have 
enough metal to work with in welding you are just going to be out 
of luck. 


That is a thing, incidentally, that a lot of fabricators have gone 
through. It is the most logical thing in the world for them to do, for 
the reason that this alloy is very expensive and they naturally try to 
cut their material cost down to the minimum. 


I haven’t said much about the actual technique of welding, and the 
reason I haven’t, as I mentioned a minute ago, is that the technique 
varies greatly with the type of welding you are doing. The thought 
that I should like to leave with you is: When you have something to 
fabricate and weld, give the manufacturer of the alloy an oppor- 
tunity of working with you. All of them have service welders. | 
know they are only too glad to send them to your plant and get you 
started off right. Their engineering departments will work with you, 
so far as design is concerned, and I assure you that there is a lot in 
the design in using this particular alloy. 


I feel that this particular alloy, 18 per cent chromium-8 per cent 
nickel, is going to be used more and more all the time. There is no 
reason in the world that it can’t be used successfully, provided the 
fabricator has the real picture of what its properties are and how 
to handle it. (Applause.) 


Mr. W. B. Miller (Union Carbide and Carbon Research Labora- 
tories): I heartily agree with Mr. Hostettler on knowing your meta! 
and what you are going to use it for, but I cannot agree with him that 
we must use a reducing flame. It should be regulated to a neutral 
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flame, and with a choice of a proper flux it will give a good, dense weld 
with ductility and corrosion resistance to be expected from a cast 
metal. Since heat treating after welding reduces the corrosion re- 
sistance, would it not be best to have the manufacturer furnish a 
metal with the minimum amount of cold work in it for the welder? 
That has never been brought up, but it seems to me that if a chrome 
nickel alloy in an almost fully annealed condition is furnished the 
welder, the intergranular corrosion will be less in its effect, depending 
upon the amount of cold work in the metal. 


Mr. Hostettler: Cold work of any kind tends to increase tensile 
strength. As an example, take a piece of alloy. Let’s assume it is a 
plate or sheet. Take a pein hammer and hit it a good blow, and where 
you have struck the blow you have increased the tensile strength 
from around 90,000 pounds tensile in the unwelded state to around 
115,000 or 120,000 pounds. 


Incidentally, | might say that there is another factor that enters 
largely into the use of this alloy, particularly where you are handling 
highly corrosive electrolytes. That is the electrolytic action. You can 
get electrolysis in one piece of metal just as easily as you can in two 
dissimilar metals, because the minute you change the physical prop- 
erties in that spot that I just pictured by hitting it a good hard blow 
with a hammer, you have changed the electrical potential from the 
main body of the sheet. 


Mr. Kraus (Westinghouse Elec. & Mfg. Co.): Would you give us 
some details of the technique to be followed with rigid welds, as 
illustrated in Fig. 1. The insert “A” made from *4-in. non-magnetic 
steel is to be welded in the circuit breaker top “B.” We have had diffi- 


te 
& 




















54 JOURNAL OF THE A. W. S. [December 


culties welding non-magnetic steel, like most other users. We have 
tried it various ways. Beveling along lines “D” helps most, but is 
expensive; the beveling requires additional labor and the “V” must 
be filled with a high-priced rod. Buttwelding is the cheapest; a smal! 
gap is left at the joint and welding is done from both sides. However, 
cracks are apt to develop at “C.” 


Mr. Hostettler: In the case of welding three-eighths material you 
have a good many problems that enter into the picture. As this gentle- 
man says, you can do it by beveling or you can do it by welding on 
two sides. You have certain characteristics in that alloy, particular}; 
the expansion coefficient, so that with certain shapes sometimes you 
will find that if you preheat to a comparatively low temperature, say 
400 or 500 deg. Fahr., it will help tremendously in getting away from 
fractured welds. We have seen many welds where the technique that 
was used in making them was rerfectly all right, but the operator lost 
sight of the fact that he had a metal that had an extremely low 
coefficient of expansion. 


I mentioned the steam jacketed kettle. Let’s go back to that, for 
instance. You take the kettle and make it up in segments, and then 
take those segments and put them under a press, form them and then 
jig and weld. If you start out with 90,000 to 100,000 pounds tensile 
strength in the sheet, you may come out with 120,000 pounds in the 
formed section, and it doesn’t take a great deal of cold work to bring 
it up to 120,000 pounds tensile. At 120,000 tensile you have good 
ductility as you still have around 35 to 38 per cent elongation, but 
you do have a very high yield point, about 80,000 lb. per sq. in. You 
can picture what happens in making a weld of that kind. If you can get 
rid of a certain amount of that expansion before you start to weld 
you will have a lot more success in many types of welding than if 
you make it cold. That is particularly true in winter. A lot of the 
fabricators who are doing welding on this alloy find that if they can 
put an ordinary steam line on their sheet or their plate or whatever 
they are going to weld in the winter, it means the difference between 
success and failure in the welding operation. 


Mr. C. Schenck (Bethlehem Stee] Company): I should like to ask the 
speaker if he has had any experience in brazing alloys, and also the 
practice he follows in annealing a vessel, say a vessel 30 ft. by 10 ft. 
in diameter. 


Mr. Hostettler: So far as brazing is concerned, I have never seen 
brazing done successfully, I mean day after day. You have a peculiar 
condition in brazing, and, frankly, our company at least, recommends 
against brazing. 


So far as the annealing of a large vessel of that kind is concerned, 
it is quite a problem. I know of one company that has just completed 
a tank car made of this alloy and it is a pretty good size. Fortunately 
for them, they have the furnace equipment necessary for annealing 
the entire job after welding. In the case of a tank where you don’t 
have the facilities for annealing, the chances are that it would really 
be better to use a different type of construction entirely rather than 
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the welded construction, assuming that the liquid you are going to 
handle would be too active for an unannealed welded section. 


Mr. Schenck: I assume that even if you had the facilities it would 
be very hard to heat it to 1800 or 1750 deg. Fahr. without collapsing. 


Mr. Hostettler: The tank that I have in mind that was annealed 
was made of *%-in. plate. I think it was about 16 ft. in length and 6 
or 7 ft. in diameter. That was annealed at 1800 deg. Fahr., but I will 
admit that there are very few plants that have the facilities to get up 
to that higher temperature for a vessel of that size. 


Mr. R. W. Holt (Fusion Welding Company): I should like to ask 
what progress has been made in vertical and overhead welding with 
the metal arc on these alloys. 


Mr. Hostettler: There has been very little, as a matter of fact. There 
has been so little progress that frankly I am not in a position to dis- 
cuss it at all. We are working, incidentally, on fluxes right along, and, 
of course, a whole lot depends upon the flux for a job of that kind. 
Frankly, we haven’t hit it yet. 

Mr. C. M. Rusk (R. D. Thomas & Co.): I know of a place where 
they are welding in vertical and overhead positions with 18 per cent 
chromium and 8 per cent nickel electrode. In the hydro-electric plant 
of the Pennsylvania Water & Power Company at Holtwood, Pa., they 
are building up worn surfaces on cast iron gates. 

They first stud the cast iron and then face this casting with 
material from a mild carbon steel electrode. On top of this they 
deposit the 18 per cent chromium and 8 per cent nickel for a corrosion 
and erosion resistant surface. 


Chairman Crowe: I understand Mr. Chase, Associate Editor of 


American Machinist, McGraw-Hill Company, has something of interest 
to report on what they are doing at the Ford plant. 


Mr. Herbert Chase (McGraw-Hill Publishing Company, New York 
City): Although this is not in direct discussion of the paper, I thought 
t might be of interest to some of you to know about a part of the work 
that the Ford Motor Company has done in their extensive use of the 
stainless steel. 


The particular part in question is the rim used around the head- 
ights. This rim is about 9 in. in diameter and is made out of a strip 
f stainless steel or of rustless iron. I understand that ‘both have 
een used at different times. The strip is between .020 and .030 in. 

ick, and about 2 in. wide. The two ends are buttwelded together. 


In developing the buttweld on this part the Ford Company experi- 
need a great deal of “grief,” as I believe everybody does who tries 
weld stainless steel. They found in developing machines to do this 
b that they could make, in some cases, 200 or 300 welds quite satis- 
.ctorily, and then would run into a series of defective welds. Since 
ney were producing in the neighborhood of 15,000 of these rims a 
iy, it was absolutely necessary that they get a weld that would be 
ractically 100 per cent perfect. A great deal of time and money was 
ent in developing a satisfactory welding machine. 











56 JOURNAL OF THE A. W. S. [December 


One of the difficulties met was that the strip was thicker at the 
edge than in the center. This resulted in the dies having an unequal 
bearing and therefore giving an unequal current flow. 


They experimented with variations in the current, in the time of 
the weld, and in the pressure employed. They used copper dies, then 
copper-tungsten dies, and finally they came to steel dies which were 
ground on the surface in order to get a perfect contact between the 
dies and the metal. Then they were able to make satisfactory welds 
consistently. Today, I am told, they have perhaps a dozen rejects out 
of a day’s run of 15,000 pieces. 


Professor Adams: Were they flash welds or just butted together? 


Mr. Chase: A straight butt weld, as I understand it, although I did 
not actually see this job in progress. After welding, the flash is 
sheared off and the piece is put into a die and expanded and shaped 
to a convex contour, and then the two edges are rolled or spun over to 
complete the job. Hence the weld is subjected to very severe treat- 
ment. The pull exerted in the expanding dies is quite high and there 
must be no failures. Also, when the job is finished and ground, the 
weld has to be practically invisible. 


Mr. J. C. Lincoln: Some years ago, in doing some carbon are weld- 
ing, I got some samples from the Allegheny Steel Company, three- 
eighths inch square bars, for this particular experimental work. These 
were welded with carbon are with controlled atmosphere. The idea 
was to get in the weld a ductility of the weld metal which would be 
equal to the ductility of the parent metal, and for the metal alloy 
containing nickel there was no trouble. We got results very satis- 
factory in every way. In the case of an alloy containing chromium 
only (I was told this material was about 18 per cent chromium), there 
was no trouble about getting ductility, but at the end of the weld, 
after making a section through the weld, there was a hole about a 
quarter of an inch in diameter or something of that order. I was not 
able to get rid of it. 


I should like to inquire of the author as to why I got that hole in 
the middle of the weld, and what I can do to get rid of it. 


Mr. Hostettler: I would say the chances were that you had too 
much power input. Without actually going into it and seeing the opera- 
tion and checking back, that is what I would say had happened. 


Mr. Lincoln: The power input was similar for both alloys. 


Mr. A. S. Wall (Dominion Bridge Company, Ltd.): We were asked 
by an educational institution in Canada to build a small experimental! 
digester of chrome nickel alloy steel. As we had had invitations to 
quote on full-sized digesters of this metal we were pleased to learn 
something from the fabrication of a similar but very much smaller 
vessel. 


Digesters are sometimes 18 ft. diameter and 50 to 60 ft. high, and 
when built of flange quality plate may have shells of perhaps 1% in. 
thickness. Because the acid used in cooking pulp attacks steel readily, 
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necessitating expensive linings, the research institute wanted to try 
out a vessel of chrome nickel alloy steel without linings. 


The experimental digester was made to standard shape and was 
fitted with top and bottom nozzles. These nozzles were of cast steel, 
but they were lined with welded alloy steel plate to protect them. 


Connectings for fittings were made by drilling through the side 
wall of the top nozzle casting and its liner and inserting short alloy 
steel tubes or nipples, which were welded to the steel casting on the 
outside, and the alloy steel liner on the inside. 


After being built, the whole vessel was annealed, and tested hydro- 
statically to 300 pounds per square inch. 


In operation, after a few cycles of cooking, several of these short 
nipples failed, and upon investigation it was found that each had 
cracked in a plane normal to its longitudinal axis, and the location 
was just about the junction of the cast steel of the nozzle and its 
alloy lining. 


I am curious to know whether this was from electrolysis or differ- 
ential cooling or something else. 


Mr. Hostettler: Those fractures occurred in the tubular section? 
Mr. Wall: Yes, in the tubular section. 


Mr. Hostettler: A digester is subject to temperature changes. If 
I am not mistaken, the temperature goes up to about 140 or 150 deg. C. 
There again is where your expansion coefficient affects the endurance 
limit of the material. Incidentally, on this particular job we know 
a lot more about it, you know a lot more about it, and it comes back 
to the very thing that I mentioned a while back, the matter of design, 
constructional details. There have been lots of failures of these 
alloys for this very reason. The primary cause was that it was not 
given a chance to breathe normally, and when you don’t allow metal 
with an expansion coefficient such as this 18-8 alloy has, to have 
ample opportunity of breathing, you are bound to build up excessively 
high work strains in some localized area. 

Professor Doan (Lehigh University): I should like to ask Mr. 
Hostettler whether he has found any advantage in having the alloying 
elements in the regular electrode or the coating rather than in the 
electrode itself. Then I should like to ask Mr. Dunlap, if he is still 
here, about the arc coming from the colder part of the electrode. That 
seems rather strange. Usually the cathode hot-spot seeks the hottest 
part of the globule rather than the coldest part. It is a rather 
extraordinary case. 

Mr. Hostettler: I didn’t just get that question. 


Professor Doan: It is whether the incorporation of the alloy, per- 
haps chromium and nickel, or other metals, is more advantageous in 
ne electrode itself, or in the coating upon the electrode. Is there any 
lifference in the results? 

Mr. Hostettler: We have been doing a lot of work along this very 
ne. So far as we have gone, we find that it is preferable to have an 
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electrode with a very low carbon content and high chromium. Appzar- 
ently we lose a certain amount of chromium during the welding opera- 
tion. So far as the flux is concerned, the important thing is to keep 
out of the flux anything that will tend to increase the carbon in the 
weld. 


Discussion paper on Oxy-Acetylene Welding of Corrosion Resisting 
Steels,’ by Mr. W. B. Miller, Union Carbide & Carbon Research Lab- 
oratories.+ 


Chirman Crowe: With the completion of Mr. Miller’s paper it seems 
that we have covered the whole category of steels and alloys with 
the exception of the plain carbon steels. These papers are now open 
for discussion. 


Mr. W. B. Miller: I am willing to admit that chromium and man- 
ganese steels weld very easily with the arc. 

Chairman Crowe: I wonder if Mr. Bibber would care to state what 
the Navy is doing with some of these alloys. 


Mr. Leon C. Bibber (U. S. Navy): Mr. Chairman. We are welding 
the gasoline storage tanks in all of the late naval construction. A 
great deal of gasoline is carried today in tanks down in the holds of 
the ships. Leakage from the gasoline tanks in the hold, even a ver) 
small amount, such as a continual dropping, would soon create a dan- 
gerous gaseous mixture. These tanks are used on what we call the 
hydraulic system. As soon as the gasoline is used, salt water fills in 
behind, so the tank is never empty. This is a very severe corrosion 
condition, and for that reason we have written a specification for the 


construction of corrosion-resisting steel tanks for gasoline storage. 
We are quite particular in our requirements, calling for annealing 
above 1600 deg., and requiring complete polishing in the inside of 
these tanks. We have outlined very extensive preliminary tests and 
tests of the tanks after fabrication, and we hope to get some very 
good results from these tanks. 


Mr. P. J. Gurklis (Dow Chemical Company): Mr. Miller mentioned 
some alloys that would resist corrosion against various kinds of chem- 
icals. No doubt he means that the presence of the alloying elements 
in special steels makes them corrosion-resistant. Over at the Dow 
Chemical Company we have trouble with cast iron pump housings. 
Hot brine is circulated through the pump housings at about 5000 feet 
per minute. They have been wearing out very rapidly. We have tried 
to build up the corroded away areas with various kinds of bronzes and 
the oxyacetylene torch. I am wondering what would be the best 
method to repair these housings. 

Mr. Miller: Your trouble is erosion rather than corrosion, isn’t it? 
Are there any salt particles in the brine? We have had the same 
trouble in our own plants. We find that very fine, solid particles of 
high impact and impingement give us an erosion rather than a cor- 
rosion effect. 

Mr. Gurklis: We do get a more rapid corrosion as we increase the 
velocity of the brine. 


+Paper published in the December, 1930, issue of the Journal of the A. W. S. 
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Mr. Miller: I suggest you build them up with a wear-resisting alloy. 
There are several available. 


Chairman Crowe: A large corporation like Bethlehem should have 
some data, and I wonder if Mr. Schenck would care to tell us what 
they are doing up there. 


Mr. Charles Schenck (Bethlehem Steel Corp.): I don’t believe I have 
anything to add, the subject has been covered so thoroughly this morn- 
ing. 1 was listening to Mr. Chase and I should like to ask him one 
question about the welding of those rims, whether they were annealed 
after welding before they put the operation on or later. 


Mr. Chase: I am sorry, I didn’t quite catch what the speaker said. 


Mr. Schenck: I should like to ask if those rings that were butt 
welded were annealed after welding. 


Mr. Chase: I can’t tell you that. I didn’t actually see the process 
myself. That was not told to me. 


Mr. Hostettler: They are not annealed. 


Mr. C. S. Purves (Quasi-Are Incorporated, Oak Park, Ill.): With re- 
gard to the handling of brine in pumps, probably an experience of some 
years ago may prove of interest. It was a question of both erosion and 
corrosion, complicated by a galvanic action. I had exactly similar trou- 
ble with stainless steel, but not that made by the Allegheny Company, 
another composition altogether. 


In the ordinary way when these steels were tested out in the labora- 
tory we found that they gave a very wonderful resistance to ordinary 
sea water, but when used in valves or valve stems in the working end 
of a marine ship service pump (which was a bronze casting), that is, 
where we were using salt water all the time, we found on the ship’s 
journey to Australia and back that these stainless steel valves, which 
were giving such wonderful results in the laboratory, were practically 
all gone. The question immediately arose there: What is the cause? 


Well, to my mind, the cause was one of galvanic action: attacking 
those pieces which were of a ferrous base construction, when the cast- 
ings were of a non-ferrous base. The galvanic action occurred on the 
ferric base material. To overcome the trouble we bolted small pieces 
of wrought iron or cast iron into the bottoms of those castings. We 
entirely got rid of the trouble. After a period of six similar voyages 
the pumps were opened up and the chambers thoroughly examined. 


There was no question of that erosion having taken place because the 
tainless steel was resisting galvanic action and the ordinary piece of 
mild steel—or cast iron—had completely vanished. Perhaps that lit- 


4) 


e experience might assist our friend. 


There is still a further point that may be permitted in reference to 
Mr. Hostettler’s paper. That is with regard to the covering of the 
‘trode. The analysis of the electrode and the position of welding. 
e electrode which I have in mind has absolutely no graphite con- 
t whatever in the covering. The electrode itself is composed of a 
cially designed steel, the carbon content of which is 1.80, the 
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chromium 22 per cent (to allow for evaporative losses). It is also 
essential that the current conditions are very critical. Otherwise you 
are going to have all sorts of troubles. The critical current conditions 
must be such that you have very little (permissible variation) in the 
length of the arc, which must at all times be held short. The job must 
not be allowed to become too hot. As I understand what Mr. Hos- 
tettler mentioned, he recommends nothing less than 14 gage material 
to be welded. I quite agree with him, but there are other things 
which enter into that subject, especially in connection with the manu- 
facturers regarding the cost of stainless steel. There are quite a 
number of instances where cost is the predominating factor and must 
be taken into consideration. Where a manufacturer will not pay the 
cost of 14 gage material he will pay the cost of 16 gage. In fact he 
would like to go to 20 gage, which would be good enough for certain 
purposes. I have successfully welded 20 gage Allegheny, of course, of 
the 18-8 (austenitic class), but I would not put it forward as a com- 
mercial proposition. Sixteen gage is a commercial proposition—that 
can be handled either on the flat, vertical or overhead positions. 


Mr. Charles M. Rusk: Was that oxy-acetylene or arc welding? 

Mr. Purves: Arc welding. 

Chairman Crowe: I think Mr. Miller says there is no limit to how 
thin you can weld with the oxy-acetylene method. 


Mr. W. B. Miller: Twenty to twenty-two gage is plenty thin. We 
have tried it on some thinner stuff but that work was in a metal that 
was not ductile after welding. Therefore it was absolutely unfeasible 
to weld. 


Mr. Purves: In mentioning the 20 gage, I should state that it is 
essential to have the austenitic material and to handle that it is also 
essential to have a copper backing. 


Mr. H. M. Hobart: I should like to know what was the amperage of 
current? 


Mr. Purves: Number fourteen electrode and about 22/25 amperes. 


Mr. Chase: I should like to ask Mr. Miller whether gas or oxyacet- 
ylene welding is used today in any instance for automatic work where 
repetitive operations are considerable, where the quantities produced 
are very large. 

Mr. W. B. Miller: It is used in the tube welding machine, if that is 
automatic. One company is producing tube commercially with an 
oxyactylene tube welding machine. 

Chairman Crowe: A great deal of stainless tube is being welded 
with the oxyacetylene process. 

Mr. W. B. Miller: Brazing was brought up. Our experience has 
been that it is only feasible to spot braze because you can cover up 
only a spot or small area with a flux and prevent it from getting a 
film of oxide. 

Chairman Crowe: If there are no other questions, we will consider 
this session adjourned. 


The meeting adjourned at 12.45 o’clock. 
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TUESDAY AFTERNOON SESSION 
September 23, 1930 


The meeting convened at 2.05 o’clock, Mr. F. T. Llewellyn, Past 
President of the Society, presiding. 


Discussion paper “Fatigue Investigation of Welded Joints,” by Pro- 
fessor G. E. Thornton.+ é; 


Chairman Llewellyn: Professor G. E. Thornton has come all the way 
from the State College of Washington on the Pacific Coast to tell us 
what they have been doing out there in research into this most im- 
portant question. 


Those of us who were fortunate enough to hear a preliminary prog- 
ress report from Professor Thornton a year ago at Cleveland, will ap- 
preciate the present opportunity to hear not, perhaps, a final report 
but a very much fuller report than we had then. 


I don’t think we can do better than to open the discussion of this 
paper by inviting Professor H. F. Moore of the University of Lllinois 
to tell us some more about fatigue. 


H. F. Moore (University of Illinois): In a general way Professor 
Thornton’s test results are in agreement with the results of the occa- 
sional tests of commercial welds sent to the Materials Testing Labora- 
tory of the University of Illinois for determination of the fatigue limit. 
During the last year there seems to be some improvement in the gen- 
eral run of specimen welds sent to us. Perhaps as good a set of 
fatigue values as we have ever obtained from welded joints is that re- 
ported in Mr. Hodge’s paper* in which the fatigue strength of 
the welded joint under reversed flexure was probably at least 95 per 
cent of that of the base metal. These joints were machine welded, 
using a coated welding rod. The fatigue strength of welded joints 
sent us for test usually ranges from 30 up to 70 per cent of the fatigue 
strength of the base metal. I agree with Professor Thornton in his 
list of things detrimental to the strength of a welded joint, and espe- 
cially with his conclusion that oxide spots are decidedly disastrous. I 
believe that the presence of a non-oxidizing atmosphere around the 
weld as it is made is very important. 


Concerning the disastrous effect of small oxide spots and blow 
holes, the theoretical effect is very bad indeed. A very small blow 
hole or oxide spot would, theoretically, reduce the strength of the joint 
to one-third its normal value. Actually the reduction of strength is 
always much less than the theoretical value, because when we consider 
sO small an area as that of a small hole the non-homogeneity of the 
material becomes a major factor, and the theory of elasticity, which is 
ased on the assumption of homogeneous material, begins to show 
erious inaccuracies when applied to such metal. As a matter of fact 
‘he little holes do not do so much damage as the theory calls for, and 
‘rofessor Thornton’s conclusion, that unless there are enough oxide 


rPe aper published in the October, 1930, issue, Journal of the A. W. S. 
October, 1930, issue, Journal of the A. W. 8. 
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spots and blow holes to produce a rather widespread effect they are not 
extremely dangerous, seems sound. 


There is one other fact concerning the fatigue strength of welded 
joints which seems worthy of further emphasis. In many cases welded 
joints are subjected to repetitions of stress but not to cycles of re- 
versed stress. In the case of the base metal, structural steel, the en- 
durance limit under reversed stress is usually a little below the yield 
point of the steel, but under stress repeated but not reversed, the en- 
durance limit is usually above the yield point of the steel and fatigue 
strength becomes of little importance. In the case of welded joints 
the yield point is about as high as that of the base metal, but, at the 
present stage of development, the endurance limit is lower, so that 
even under stress repeated but not reversed the endurance limit may 
well be lower than the yield point, and fatigue strength be the deter- 
mining strength factor. 


The most encouraging thing noted in our laboratory is the steady 
improvement in the fatigue strength of welded joints sent us for test. 
It is my hope and belief that welded joints with a fatigue strength 
equal to at least 85 per cent of the fatigue strength of the base meta! 
may become the common thing in the next few years. 


Professor C. A. Adams: Mr. Chairman, the question which naturally 
arises in connection with any set of test results is as to their signifi- 
cance. In other words, where is this ability to withstand fatigue 
stresses important. 


Probably the vast majority of welded joints in service are not sub- 
jected to alternating or pulsating stresses of sufficient magnitude and 
frequency to make the knowledge of their endurance limit important. 
There are, on the other hand, many very important structures in con- 
nection with which the maximum precautions in guarding. against 
failure are necessary. In these cases we cannot afford to take chances. 
As examples we can cite boiler drums and other pressure vessels where 
explosions or even leaks will produce disastrous results. 


In the case of a steam power boiler no one can say exactly how many 
times during its life it will be subjected to a pulsation of pressure 
from the maximum working point to zero or thereabouts. In all proba- 
bility 100,000 such pulsations would more than cover the life of a 
power boiler, whereas these endurance limit tests run into millions 
and tens of millions. Nevertheless, it is important to know the en- 
durance limit of joints in boiler drums since the results of breathing 
tests on a variety of these drums have shown that defects such as are 
likely to occur in certain types of welds may cause fatigue failure after 
as few as 5000 or 6000 applications of a pressure only 50 per cent above 
the working pressure of the drum, or 30 per cent of the ultimate 
strength of the plate, and this in spite of the fact that this same welded 
joint showed a strength under an ordinary single pressure test equa! 
to that of the plate itself. In other words, 5000 applications of a pres- 
sure only 30 per cent of the designed strength of the joint caused 
failure. 


Fatigue failure is progressive and starts at some point where the 
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stress is concentrated either due to a defect such as a blow hole or 
slag inclusion, or to the nature of the metal structure; undoubtedly in 
the case of welds to a variation of this metal structure and a variation 
in the hardness of adjacent portions causing a concentration of stress. 
With this evidence before us it would obviously be foolhardy to dis- 
count the importance of a knowledge of the fatigue properties of 
welded joints in the case of important structures where safety is vital. 


It is important, therefore, in the case of such critical structures to 
know that the depos:ted weld metal and the adjacent base metal are not 
only thoroughly knit but also as nearly homogeneous as possible. It 
is also important to know that the weld is free from blow holes or slag 
inclusions of appreciable size. Fortunately such welds can be and 
are being made at the present time. 


Referring now more specifically to Professor Thornton’s paper, his 
arc welds were all made with bare electrodes and the wide range of 
endurance limits obtained with these welds is undoubtedly due to the 
chance of a slag inclusion within the sample The difference in hard- 
ness which he notes as between the deposited weld metal and the base 
metal is undoubtedly a factor in the low average endurance limit ob- 
tained in his tests. Incidentally these results are wholly consistent 
with those obtained, in some cases, many years ago, for bare electrode 
are welds. 

The superior results obtained by a few manufacturers who employ 
heavily covered electrodes are due undoubtedly to two causes: First, 
the welds were made in very heavy plate and were deposited in a large 
number of layers; when each layer is deposited, the layer below is sub- 
ject to a heat treatment which refines the grain, and the only layer not 
subject to this heat treatment is the top layer which is often a rein- 
forcement and afterward machined off. Thus the deposited metal 
which has shown such high endurance limits, equal in fact to that of 
the base metal, is in reality a refined metal as far as grain size is con- 
cerned, and hardly comparable with the welds tested by Professor 
Thornton. The second cause is probably due to the employment of 
electrode covering which provides a highly reducing atmosphere and 
largely prevents oxide or nitride inclusions It is also possible that the 
fluxing nature of the electrode covering may result in a less porous 
deposited metal. 


Although it would be unwise to state that such desirable results 
annot be obtained with bare electrode welds, it is a significant fact 
that up to the present time they have not been obtained. 


Chairman Llewellyn: We are greatly indebted to Professor Adams 
for his suggestions and remarks. As I recall the results of this re- 
earch, a number of the specimens that showed the highest fatigue 
imit were made by a resistance process, and I am wondering if we may 
ot hear from our resistance friends with regard to that or any other 
eature they may like to discuss. Would you care to speak on that 
int, Mr. Woofter? 


Mr. H. A. Woofter (Swift Electric Welder Co.): I don’t believe | 
ave anything to add at this time, except that it might be interesting 








64 JOURNAL OF THE A. W. §S. [December 


to say that perhaps the best fatigue test is in actual practice, as in 
connection with truck rims, which have to go over the frozen ground 
or cobble stones, or automobile rims, which have been run for twelve 
or fourteen years and have had perhaps millions of severe shocks with 
many tons of load. 


I am just thinking now of some fatigue tests of shafting that had 
been welded for propellers of ships, which rise out of the water and 
then go back again in rough seas. We have had those shafts back 
sometimes two or three times and welded them in new piaces, but the 
welds stood while the shaft itself had failed. 


It would be wonderfully interesting if we had some way of knowing 
just what the stresses and strains of these truck wheels, tractor wheels, 
automobile rims and motor boat shaftings have experienced. Unfor- 
tunately, there is no way I can see that they could be even aprroxi- 
mated by any fatigue testing machinery we might build. 


We did run a series of interesting fatigue tests a few years ago on 
valve stems for automobiles. The head was made of very fine grained 
white iron or cast iron to stand the enormous heat of the combustion 
chamber. The stems were made from 19 per cent chromium and a 
small percentage of nickel, making a stem that would not rust or stick 
in the block. We ran some of those under very strong spring tension, 
several times greater tension than we experience in a truck or automo- 
bile, and ran them four and a half million cycles without destruction. 

There is no other place where the proof of the pudding is in the 
eating, so much as in these automobile valve stems jumping off the 
cams when a car is going at 60 miles per hour, perhats, and getting 


a hammer blow of a good many pounds and standing that over a period 
of years. Very often when an automobile or truck is scrapped it has 
the original valve stems in it that were placed there when the appara- 
tus was first built. There are a number of cases I can cite where the 
tests have stood the test of time, and we should really take off our 
hats to them. 


It is regrettable that there has not been more work done along the 
line of fatigue, but when you estimate that to get absolutely dependable 
results these tests should be carried on over a period of perhaps years, 
you can see that it is not feasible for any ordinary manufacturer or 
any ordinary college to attempt any such standard fatigue tests. 

Professor Adams: Mr. Chairman, may I ask if I am correct in under- 
standing that some of the high endurance limit values found by Pro- 
fessor Thornton were on resistance welds? 


Professor Thornton: Yes. 


Professor Adams: Resistance welds if properly made should be and 
often are as nearly perfect as you can possibly get, and there is no rea- 
son why such a weld, certainly if properly annealed, should not have 
an endurance limit nearly equal to that of the parent metal. It is, in 
many respects, analogous to a forged weld, because it is worked me- 
chanically during the cooling period and worked under very consider- 
able pressure, not a hammer blow, but a very high steady pressure 
which produces the upset. 
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Mr. J. J. Crowe: I should like to ask Professor Thornton if, in his 
opinion, there is any relation between the fatigue strength of the weld 
metal and the fatigue strength of the welded joint. The point I want 
to bring out is that you can make a single V weld and you may have 
weld metal that has as high a fatigue strength, but if in making the 
joint you don’t get complete penetration you may have the notch effect 
at the bottom of the weld and have a concentration of stresses, and 
regardless of how high the fatigue limit of your weld metal is, you 
have a poor joint. Whereas, on the other hand, using a double V 
joint, welding from both sides with reinforcement, you may have weld 
metal with a rather low fatigue limit or endurance limit, but due to 
the reinforcement you may throw your stresses outside of your weld 
into the parent metal. So it seems to me that in applying the results 
Professor Thornton has obtained on the fatigue strength of these va- 
rious weld metals, we should be rather cautious. 


Chas. H. Jennings (Westinghouse Elec. & Mfg. Co.): Mr. Thornton 
has presented in his paper endurance limits for different kinds of 
welded joints as obtained from small size specimens. The striking 
point in connection with the endurance limits given is their relatively 
low value as compared with the parent metal. 


The company with which the writer is connected is making an exten- 
sive investigation of fatigue of arc welds prepared from low carbon 
steel plates and electrodes’”. An important development of this inves- 
tigation is the effect of the test specimen size on the endurance limit 
obtained*. From tests made on specimens ranging from 0.3 in. to 2% 
in. in diameter at the critical section, it has been found that the large 
size specimens give lower but more consistent results. 


From recent tests of 45 deg. double vee butt welds joining low car- 
bon steel plates having an endurance limit of 27,000 Ib./sq. in., the 
endurance limits obtained from 0.3 in. and 24% in. diameter specimens 
were found to be 17,800 Ib./sq. in. and 10,000 lb./sq. in., respectively. 
Although these endurance limits are higher than the value obtained 
by Mr. Thornton for a 45 deg. double vee weld, they are still much 
lower than the endurance limit of the parent metal. 


The low endurance limit of manually prepared electric and gas 
velds on low carbon steel must be recognized, but it must not be inter- 
preted to mean that such welds are unsuitable for dynamic purposes. 
The reliability of a joint depends upon the proper design, and a prop- 
erly designed welded joint can be made to withstand dynamic loads 
is well as static loads. 


Chairman Llewellyn: I will now ask Professor Thornton to make 
iy reply or further comment that he may care to. 


Professor Thornton: In regard to the increments of weight that 
ir. Jennings mentioned, if you make those increments of weight too 
mall you would be testing one specimen for several months. We 

be atigue Tests of Fillet Welds, by R. E. Peterson and Chas. H 
fore 1930 Annual Meeting of A.S.T.M 


Fatigue and Impact Tests for Welds, by Chas. H. Jennings. Journal 
elding Society, September, 1930 


Jennings, presented 


of American 
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took the increment at 2500. We started at 12,500, then 15,000, then 
17,500 and up. 


I want to impress upon the Society that if we cannot agree on what 
the endurance limit should be, we should, through our Standards Com- 
mitec, agree upon the way in which the specimens should be taken for 
testing, let it show whatever result it will. 


This gets back to what Mr. Crowe said. Say we will take it as a 
single V. This notch is filled in. Some people take these specimens 
like this, looking at the plan view, say, across, looking straight down 
on the deposited metal. They take their fatigue specimen lengthwise 
in this deposited metal, which will range along the notch in that 
manner. Then they take fatigue specimens out here in the parent 
metal which will lie parallel to the notch. 


I don’t believe that that really gives a true value of that weld in 
fatigue because you are going to have grain structure here, you are 
going to have penetration along these areas. If you are going to get 
a true value of that weld in fatigue you must take it across the notch 
and not parallel to it. 


While I am on my feet I should like to express appreciation for the 
opportunity of coming to Chicago (we call it East around Washington; 
you call it West around New York), and being able to present the 
material which I have. I thank you. 


Discussion paper on “The Examination of Welds by the X-Ray Dif- 
fraction Method”+ by Professor John T. Norton. 


Mr. W. M. Dunlap (Aluminum Company of America): I should like 
to bring out one point. Professor Norton said this was cold rolled 
material. This was not cold rolled material; it was hot worked. 


I might explain some of the symbols he mentioned. It was 2SO. We 
use the numerals to indicate the composition of the alloys. TS in the 
case where it is wrought. If no letter follows the numeral it is cast 
material. S originally used to indicate casting. The next letter indi- 
cates the temperature. O indicates carefully annealed, as we say, 
dead soft. H is hard rolled. This material happens to be what we 
call hot milled slab, a 2%-in. or 2%4-in. ingot. It is preheated to a 
temperature of about 975 deg. Fahr. That is pretty high temperature. 
Aluminum melts at about 1250 deg. It was hot rolled from this ingot 
down to the %4-in. plate. In the final pass through the rolls the tem- 
perature has dropped to about 750 or 800 deg. It is quite different in 
structure from the material, which is cold worked. I should like to 
say further that these are some of the first arc welds I have made, and 


as then we didn’t know much about it, they don’t compare to the welds 
we can make now. 


Professor Norton: The actual structure of the weld, speaking of F 
cold work, may be more or less relative, but I was very much sur- 
prised to find that the final temperature after passing through the 
rolls was as high as Mr. Dunlap has indicated. It is an actual fact 
however, that a sample of this material taken from the actual plate 


+Paper published in the September, 1930, issue, Journal of the A. W. S 
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which he mentions showed the beginning of recrystallization at about 
250 deg. C., and it must have been at lower temperature than that. 


Mr. Dunlap: From time to time we have taken temperature readings 
at the final pass. When we roll to three-eights or lighter we always 
make our tests. Our cold rolling starts at three-eighths. In this case 
it had no cold rolling at all; it was merely rolled down from the orig- 
inal ingot to % in. It may have been 600 deg. I am satisfied it was 
not below 600, when our rolls are hot. 


Professor Norton: My reference to cold rolling was entirely rela- 
tive because the sample did not show evidence of recrystallization 
which is found in really hot rolled material. 


Mr. Dunlap: In order to get proper recrystallization in aluminum we 
have to give the cold work at least 60 per cent reduction in thickness. 
We do get complete recrystallization on annealing. 


I should like to add that the material presented here is no criterion 
so far as the value of the weld is concerned. It was merely an indi- 
cation in trying to check up or relate information which is obtained 
from the x-ray methods with that obtained by ordinary methods of 
test. 

Professor H. F. Moore: I wonder if | may ask Professor Norton 
one question I have in mind in connection with stress and strain. As 
| understand it, the x-ray diffraction examination tells the general 
scheme of atomic arrangement, but it does not tell very much about 
local distortion from that arrangement. Or, to make the comparison still 
more crude, the space lattice may be compared to a description of the 
general arrangement of a regiment of soldiers, telling in how many 
columns and how many rows they are standing, but not telling how 
much any one soldier or any one squad of soldiers is out of line. Is 
this a fairly correct picture? 

Professor Norton: The Professor is quite correct in that. However, 
the x-ray diffraction shows that the intervals are so very sharp and 
that the alignment of the regiment is very exact, that is, they are 
well-trained troops. If they are out of line even slightly then these 
interference maxima become much broader, and if they are seriously 
out of line we get this asterism, which I spoke of, and it is now pos- 
sible to study the lack of alignment. 


We find that we may consider the number of atoms is so very tre- 
mendous that the effect of a single atom out of place or even a few 
hundred atoms out of place would be extremely small. It is something 
which is quite beyond our powers of observation by any ordinary 
method, such as the microscope. 

I might add one thing which I completely forgot. The photomicro- 
graphs of all these areas were taken, but they showed so little that I 
did not include them in the slides which I have shown you here. The 
photomicrographs of the weld metal and the cast metal showed what 
would be expected and the change of structure as you approached the 
weld metal was not observable. 


Here is a case where the x-rays show something a little bit more 
than is obtained by the ordinary micrographic methods. 
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Chairman Llewellyn: Might I ask Professor Norton a question? | 
have a general impression that the x-ray method [not the diffraction 
method, but what we call the ordinary method] is one in which you 
have to examine the original plates if you are going to get any satis- 
factory results, and that the prints from the plates are not usually 
satisfactory. Judging from the slides that we have seen, this limita- 
tion apparently does not apply to the diffraction method. Am I cor- 
rect? 

Professor Norton: I am afraid you are not because the same limi- 
tation applies to these particular slides. These slides are ones I pre- 
pared with considerable care. As a matter of fact I am rather proud 
of them. The same limitation applies. If we are looking for smal! 
flaws or cracks or something of that sort we also go back to the orig- 
inal negative, and in these diffraction pictures we are looking for va- 
rious small traces of asterism, for very small broadening of the spots, 
indicating local distortion and things of that sort. One again goes 
back to the original negative. These are prints made from origina! 
negatives and then reproduced, so they have a bit less detail. 


Discussion paper, “Stress Distribution in Side-Welded Joints”+ by 
Walter H. Weiskopf and Milton Male. 


AUTHORS’ DISCUSSION 
“STRESS DISTRIBUTION IN SIDE-WELDED JOINTS” 
By 
W. H. Weiskopf and Milton Male 


Since the pre-printing of this paper it has been pointed out by Mr. 
Weiskopf that on Page 46, sheet 2 of Appendix C, Equations (C) and 
(D) are the general expressions for the direct stress and shear onl) 
when the loads are equal on both faces of the bar, which is the con- 
dition when there is no eccentricity in the joint. 


In order to show very clearly the kind of non-uniform stress distribu- 
tion that exists, top and side views of half a tension joint under load 
are presented in Fig. 18 in which the amount of deformation is greatly 
exaggerated. 

To get a complete picture of the stresses in any joint would necessi- 
tate a long and tedious series of computations. No designer would 
think of going through a mathematical solution for every welded prob- 
lem. What he wants is a rapid and simple means of calculating his 
critical stresses. Figs. 19 and 20 are offered to fill that need. 

The key to the whole problem of shear distribution along welds lies 
in the effective areas of the members composing the joint. Once these 
areas are found, only two short slide-rule computations are needed to 
determine the maximum stress in the weld. Fig. 19 is a chart giving 
the effective areas in terms of percentages of gross areas for any 

F 


ratio of —. The values in this table were interpolated from the Effec- 
Z 


tive Area curve on page 33 of the printed paper. 


+Paper published in September, 1930, issue Journal A. W. 8. 
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Fi ig. 20 is the companion chart of Fig. 19. These curves immediate 
y giv e the maximum weld stress when the average stress (usually the 
es — stress) is # known. The quantity 3.33 appearing in the constan 
s the ratio 
29,000,000 
Modulu ulu of Ela stic ‘ity i n Ten vite il 9 3: 
De rt n Ratio of Fillet 8,700,000 


ind will be the same for all structural steel joints. 
The of these two charts is all that is required. In the following 
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additional applications of the theory the evaluation of the maximum 
weld stress in no case took more than 3 minutes. 





To clearly illustrate the procedure, the computation for the stress 
in the welds attaching a seat angle to a column will be discussed in 
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detail. In Fig. 21, an 8 x 6 x % angle, 8 in. long is welded to a 12-in. 
H-column having a flange 12 x % in. The metal on only one side of 
the center line will be considered since the angle is disposed sym- 
metrically about this line. It will be remembered that F is the dis- 
tance from the weld to a line of symmetry or to a line of zero shear. 
In this case, both the center line and the edge of the flange are lines 
of zero shear. 
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For the angle, F = 4 and Z = 8, therefore F/Z = 0.5. From Fig. 19, 
the efficiency for this ratio is 64 per cent, and the effective area of the 


angle is 64 per cent of the gross area of half the vertical leg, or 1.28 
sq. in. 


For the column, the area between the center line and the weld has 
the same efficiency as the angle, but the projecting narrower area has 
a greater efficiency, 86 per cent, and therefore the total effective area 
of the flange is, as shown, 3.21 sq. in. 


All that follows is slide rule computation. The ratio of the two 
areas, R — 2.51. For the value of b, the larger area, 3.21 is used, 
(R + 1) = 8.51, and the number of welds, N, = 1 (since only half the 
joint is considered). Z/b therefore = 4.57, and with R = 2.51, the 
maximum stress is shown in Fig. 20 to be 3.3 times the average stress. 


If it is desired that the maximum stress of a %-in. fillet shall not ex- 
ceed 6000 Ib. per inch, then the average stress should be 6000 divided 
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by 3.3 or 1820, and the load corresponding with that average stress 
for 16 in. of weld would be 29,100 Ib. 


In a similar manner the loads were computed for all the combina- 
tions given in the table. It cannot be too strongly pointed out that 
this ratio of twice the maximum to average shear is not a recommen- 
dation. What this ratio should be must be determined by experience, 
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but for the present it is believed that keeping the maximum stress 
within twice the designed stress is ultra-conservative. 


Several interesting facts are brought out in this table. If the angle 
remains the same, thickening the column fiange will increase the 
maximum stress, thereby decreasing the load. If the flange remains 
the same, thickening’the angle will permit an increase in load. The 
best possible condition arises when the two effective areas are equal. 
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On a heavy column a thick angle is more efficient than a thin angle, 
where both have the same size weld. 


Several other typical applications of the theory are given (in Figs. 
22, 23 and 24), in which welded cover plates and flange and web splices 
for girders, and a web to chord connection in a truss are analyzed. All 
the necessary computations are shown and the method for determining 
the maximum stress in the weld is completely worked out in each case. 
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The matter of determining the effective areas may require some judg- 
ment on the part of the designer. The consideration of lines of zero 
shear should eliminate any uncertainty. 






The case frequently arises where the ratio of F/Z exceeds 1, as in 
the web splice of Fig. 23. For the web, the metal on one side of the 
2% 
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side of the weld the width extends to the end of the girder. In such 
cases the limiting ratio of 1 should be used with an efficiency of 37 per 
cent. The gross width to be used is then the length of the weld, or 
7 in. 

Once more the authors wish to point out that the designs illustrated, 
and the resulting stresses, are not to be considered as recommended 
practice. They are used merely to show how easily the theory can be 
adapted to practical design. The question of interpreting the results 
obtained must be left with the individual designer. 


Chairman Llewellyn:. This paper is now open for discussion. Pro- 
fessor Whittemore, may we hear from you? 


Professor H. L. Whittemore (U. S. Bureau of Standards): I have 
been very much interested in this paper. Mr. Llewellyn asked us to 
comment on it, but I don’t think that we have anything to add at this 
time. I should like to call attention to the fact that there is an inter- 
esting history on this experimental work and the mathematical work. 
In testing some welded girders which the American Bridge Company 
very kindly contributed, we did some work on the shearing strength 
of fillet welds. 


The results of tests on some small specimens were plotted and sent 
to Mr. Llewellyn and Mr. Edwards, and much to our surprise Mr. 
Llewellyn and some others became interested and said, “How long 
ought the weld to be made?” ‘They got the impression that the shear 
at the end was very much higher than the average and that it needed 
looking into. If it was lower they didn’t need to worry about it from 
a practical standpoint. Mr. Troelsch of the American Bridge Com- 
pany worked out a mathematical analysis, and Mr. Llewellyn con- 
tributed valuable help. Mr. Llewellyn proposed to Professor Smith 
that he make some tests on long fillet welds, observing the detrusion 
to determine the agreement between the observed and the computed 
detrusion. His experimental work was quite ingenious and it seemed 
to me quite adequate for the purpose. 


The surprising thing to me is that this subject is of considerable 
engineering importance, as Mr. Male has pointed out. Too often we 
neglect the theory and then are surprised when a structure fails. 


Professor Adams: Mr. Chairman, it begins to look as if we were 
going to have a profession of welding engineering. 


This is only one of numerous similar problems which must be solved 
before we can apply welding intelligently to steel structures. I look 
forward to the time when these problems will be attacked in our engi- 
neering schools just as thoroughly and completely as problems involved 
in riveted joints are now attacked. It is interesting to realize that in 
all probability this particular problem will be injected not only into our 
textbooks but also into our handbooks on structural engineering. 


The phase of it pointed out by Mr. Whittemore is very interesting t: 
me because I have run across it so many times in other directions 
We sometimes look upon our educational preparation as overtheoretical 
at least the student often does. As a matter of fact it is rather bru 
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tally superficial and most of the careful analytical solutions of engi- 
neering problems have been carried out only after some mistakes of a 
serious nature have forced them upon our attention. It is tremendous- 
ly pleasing to me that this kind of thing is being done now in the earlier 
stages so that we will be prepared and ready when the time comes, so 
that our structural engineers will be able to design their structures in- 
telligently. 


I want to express my personal and very hearty appreciation to the 
authors of this paper, and I think Mr. Male, in his presentation, did a 
very excellent job. 


May I go back just a moment to the previous paper, Mr. Chairman? 
I think it would be a mistake if we passed it over without some similar 
expression of appreciation to Professor Norton for bringing to our at- 
tention this subject which is new to the majority of this audience, and 
for making them realize that we have available a method of checking 
up by more than one method the results of research in this important 
field, a method which also is bound to be of great practical importance 
in the solution of other metallurgical problems. 


Professor Norton’s exposition and explanation is the clearest thing 
of its kind that I have heard, and I think it brings home to all of us a 
little more clearly the interpretation of these diffraction pictures. 


I wish to thank Professor Norton personally for this work done on 
behalf of the Bureau of Welding. Thank you. (Applause.) 


Chairman Llewellyn: There is one quite important factor in all in- 
vestigations of this kind which has not been mentioned. Before spec- 
imens are tested they have to be prepared and I did not hear the 
statement made which should be made that both for the specimens 
that were tested last year at the University of Pittsburgh and those 
that were tested this year at the University of Pittsburgh, the material 
and the welding and everything that went with it was furnished by a 
concern that I hate very much to mention (laughter) because it is a 
competitor, the Jones & Laughlin Steel Corporation. (Laughter.) Of 
course I hate it because it is my business to do so. Mr. Danforth, 
who is connected with that company, is here today, I believe. I think 
he has followed the testing of these specimens in Pittsburgh. Would 
you care to add anything, Mr. Danforth? 


Mr. G. H. Danforth (Jones & Laughlin Steel Corporation): There 
are two discussions to this. The first one is this: Years ago I was 
taught to obey the injunction to love my enemies. That is the reason 
I love you. 


So far as the tests are concerned, I followed them through, but I 
have nothing here and unfortunately I didn’t arrive in the room in 
time to hear the paper, so I have to ask you to excuse me. 


Vice-President F. P. McKibben (General Electric Co.): So far as I 
know, the first shear tests on side fillets were made in 1922, and I 
think I am safe in saying that from 1922 to 1930 greater progress has 
been made in investigating the strength of welded joints than was made 
in any other type of joint from 1880 to date. (Applause.) 


> ~ 










































































































Tiere 
i 


r 
x 
“ 
- 
4 
4 
6 
. 








78 JOURNAL OF THE A. W. S&S. [December 


I think we can safely say today that we know as much about fillet 
welds as we do about rivets. 


I can remember back to 1895 when it was clearly shown that on a 
riveted joint the middle rivets carried very little stress. On the first 
fillet weld test made in 1922 the same thing appeared to be the case. 
But we didh’t know in 1922 the exact distribution of stress along the 
fillet. The practicing engineer who is designing and building welded 
structures owes a great debt to these young men who have so wonder- 
fully worked out these results presented today. The cooperation be- 
tween the designer and the builder on the one hand and the labora- 
tory investigator on the other leads to wonderful results. 


To have prophesied in 1922 that a nineteen-story welded building 
would be built in 1930 would have classed a man as altogether flighty, 
but such a building has been completed. 


Another point regarding tests: We should be careful in studying 
tests not to get too close to them. I think if we analyze our problems 
too closely and look at them too long we get an inferiority complex 
which makes us hesitate in deciding to do the bold thing. On the 
other hand, we certainly must be careful not to go beyond the safe 
limit. 

I congratulate Professor Norton and Mr. Male on their wonderful 
papers. 


I have used visual inspection only on welded buildings, but the x-ray 
process is a wonderful aid in helping to establish the technique of 
welding. 


You gentlemen have offered much help to the practitioner this 
afternoon. 


Mr. Mahoney (McClintic Marshall Company): I refer to your slide 
showing a cover plate on a girder. The end of the plate has two slots, 
each 1 in. wide by 5 in. long. Have you analyzed the stresses at the 
end of the slot adjoining the main portion of the plate? 


Mr. Male: In a riveted flange plate, only a sma!l proportion of the 
area is available for riveting because of required clearances and spac- 
ings. For that reason it requires a much greater length of plate to de- 
velop the stress in a riveted girder. 


Mr. Mahoney: Suppose we draw a line through the end of the slots 
where the full section begins: perpendicular to the welds, and analyze 


the plate through this plane. I don’t think that the efficiency is very 


high along this plane. 


Mr. Male: The cover plate in this case is 12 in. wide and the slots 
are 1 in. wide to permit of a *-in. weld on each of the inside surfaces. 
The strips themselves were 3 in. and 314 in. The analysis of the plate 
stress through that section indicates that it is not the critical section. 
In riveting it is common practice to figure the length to which the 
cover plate must be extended, and from there on extend it far enough 
so that enough rivets can be driven to develop the strength of the 
plate. The increase in length for welded construction on the other 
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hand is very much less. We can develop the full strength of that plate 
in 5 in., where we couldn’t do it inside of a foot or a foot and a half 
with riveted construction. The critical plate section is not at the end 
of the weld but at the middle of the weld, and the relative efficiencies 
of the cross-sectional areas of the flange and of the cover plate are com- 
puted through the section which remains constant, of course, from 
one end of the weld to the other. The weld stress, on the other hand, 
varies from the end of the weld to a minimum somewhere near the cen- 
ter of the weld, the relative cross-sectional areas of the plates deter- 
mining whether the maximum occurs at the end of the cover plate or at 
the end of the flange areas in the section. The curve sometimes varies 
in one way and sometimes it varies in the other way, and if the cross- 
sectional areas are equal, we get an equal maximum stress at both ends, 
and the center line of the weld shows the minimum stress. 


Mr. Mahoney: Suppose the end of the plate were welded. With this 
total length of the end weld, the holding power of the side-weld is in 
excess of the net of this plate by quite an amount, is it not? 


Mr. Male: Yes, it is. 


Mr. Mahoney: If you had these areas here retained, they would 
be held by welding, but this plate here wouldn’t be worth much, would 
it? 

Mr. Male: The design of plate girders calls for maximum stress at 
the point of greatest moment. At the end of the weld, the stress in 
the cover plate is less than the maximum for which the cover plate has 
been designed, and it has been found in one or two investigations we 
have made that the critical section for the net plate area at the ends 
of the weld, where the slots have been made, is sufficient to have the 
weld develop the strength of the plate. 


Mr. Mahoney: I should like to offer a suggestion. Notching out 
these plates is pretty costly shop fabrication. If you were to make a 
diagonal cut from each side of the plate to the center, forming a V, it 
might be possible to have enough length for the welds to develop the 


_ plate. 


If such a method were followed on your tensile test specimens, what 
would be the effect on the stress distribution in the welds? 


Chairman Llewellyn: That is an interesting point. I believe I could 
add perhaps one thought regarding your question. While the authors 
in their slides have indicated slots with fillet welds along each edge, 
for the reason that this was the only feature investigated, in actual 
practice, the entire slot would be filled. You would not compute all 
the filler metal as resisting shear, but you could consider the filler metal 
as reenforcing the plate. 

Mr. Mahoney: You fill up the whole area? 

Chairman Llewellyn: Yes. 


Mr. Mahoney: Suppose we had several cover plates. Would you set 
one back and then consider the whole area? 


Chairman Llewellyn: Yes, set them back, just as you do in riveted 
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work. That doesn’t quite square with theory, but is, I think, what 


would be done in practice. 


Vice-President McKibben: It is common practice in wind connec- 
tions of beams to columns to use the triangular shaped plate which 
the last speaker showed at the left of the blackboard. It is almost a 
standard for wind connections for the top flange. His objection to the 
rectangular slot can be overcome by using either a trapezoidal slot or 
a triangular one, in which case more welding may be secured. 


Mr. J. T. Norton: I should like to ask Mr. Male if any work has been 
done in the examination of these side welds by the photo-elastic meth- 
od. It seems to me this would offer very excellent means to confirm 
his theories. 


Mr. Male: Several years ago at the Spring Meeting of the Welding 
Society I showed some slides illustrating the stress distribution in a 
lap joint, similar to these, except that the cover plate was composed 
of a single bar instead of two bars. That work, by the way, was done 
in the M. L. T. laboratory under Professor Frost. 


The shear distribution investigated was in the plate along the line 
of the weld. We had been unable to develop the technique for deter- 
mining what the stresses in the weld itself were. We determined the 
stresses in the bar and from that drew conclusions as to what the 
stress distribution in the weld was. We weren’t able to say exactly 
what the magnitude of the weid stress was. What we were able to 
do was to draw a general conclusion as to stress distribution in the 
weld from the stress in the plate. The stress distribution varied 
greatly with different order of spectra. I recall we had as many as 
three or four without going beyond the elastic limit of the photo- 
elastic material we were dealing with. In the grip bar the high con- 
centration of stress was at the end of the weld. The problem is one 
that might be further investigated, I am sure. Whether or not some 
such technique has been developed for the examination of stresses in 
the weld I don’t know, but it might prove that the stresses in the bar 


would form an adequate and reliable index as to the stresses in the 
weld. 


The only variable that we introduced was the eccentricity due to 
the fact that there was only one cover plate instead of two. In 
projecting our beam of light through the plate we didn’t want any 
more intereference than we could possibly avoid. That was the reason 
for having only one cover plate instead of two. The condition, I am 
sure, would have been considerably improved if we could have re- 
moved the eccentricity, but we would have introduced another facto: 
that would have made the investigation itself impossible. 


Chairman Llewellyn: I should like to make a few remarks not as 
chairman of the meeting but as personal comments on some of the 
papers that have been presented. 


In looking at Professor Norton’s charts and in going over the mathe- 
matical appendix to the paper by Mr. Weiskopf and Mr. Male, I was re- 
minded of the visit that Mr. Einstein made to this country a year or s0 
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ago, when the newspapers credited him with the statement that there 
were only a dozen men in the world who could understand the theory 
of relativity. He never said that. What he said was there were only 
two and the other one was dead. (Laughter.) 


The thing that appealed to me about both of these papers was that in 
spite of their highbrow aspect, many of the features permit of prac- 
tical application. I am not qualified to go into that from the stand- 
point of the x-ray. The thing that apreals in the Weiskopf and Male 
paper, as has already been stated, is not so much the mathematical 
investigation [and that is good because it checks], but it is the prac- 
tical application. What does that practical application tell us? 


Mr. Male gave a number of examples based on the supposition that 
the end shear should not exceed the average shear by more than 100 
per cent. He didn’t recommend this excess limit. He simply gave 
examples based on that assumption. 


I am going to tell you some facts. Shortly after this paper had 
been put in manuscript form, I called on a resident engineer of one of 
the sections of the New York Subway. He showed me a welded joint, 
almost identical with the joint that was placed on the screen, which 
had been used in splicing 27 and 30-in. rolled girder beams, which for 
convenience in construction were used as cantilevers across certain 
crossframes with the splices placed at overhanging points. They were 
spliced in a very similar manner to what we just saw on the screen. 


I took the detail and asked these young engineers to figure out what 
the end shear would be in relation to the average. In one case it 
figured out about five times the average. -The joint had been designed 
on a safety factor of four times. Therefore, you say the joint must 
have broken. Let’s see what happened. These members were tem- 
porary beams used as supports for the roadway during construction. 
They were blasting in the neighborhood of the rock support. An 
overcharge of dynamite exploded which raised everything in the 
neighborhood 2 ft., at a time when the roadway was heavily loaded. 
The welds stood intact, although the steel beam broke two and one- 
half feet away. 


At first blush that seems to throw a doubt on the theory that has 
been presented. If the theory is right, you will say that if there was 
a Shear of five times what it was figured for, and you had a factor of 
safety of only four, of course it must have broken. No! This, gen- 
tlemen, is just another example of what we have all through applied 
engineering. All of the theory that has been presented here is based 


on behavior within the proportional limit, and “there ain’t no such 
animal,” 


The theory tells what would happen if everything stretched in exact 
proportion to the load. It doesn’t. It doesn’t in welding; it doesn’t 
in riveted work; it doesn’t in any kind of joint. There are local con- 
centrations on the external surface of a rivet that have never been 
computed. For many purposes such concentrations can be disre- 
garded; for other purposes they cannot be disregarded. 
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The value of the study is not so much in the absolute values that it 
gives as in the simple comparisons it makes possible. You don’t need 
to go through those mathematics. You can apply the chart in two 
minutes’ time to any given problem with the aid of a slide rule. It 
will tell you the comparative value of this joint as compared to that 
joint, and that, I think, is its real contributior to the art. 





WEDNESDAY MORNING SESSION—Sept. 24, 1930 
The meeting convened at 10:15 o’clock, President Doyle presiding. 


Discussion of paper on “Resistance Welding of Bar Joints,’+ by Frank 
Burton, Steel Joist Institute. 


President Doyle: Gentlemen, you have heard a constructive parer 
on resistance welding. This is a subject that the American Welding 
Society is least informed on. We haven’t all of the information in the 
world on either the various types of electric welding or gas welding, 
but we have less information available on resistance welding than 
any other kind. For that reason we are looking forward this morning 
to some very good discussion of Mr. Burton’s paper, and we will now 
declare this meeting open for that discussion. 


Mr. G. A. Hughes (Truscon Steel Company): Mr. Chairman and 
Members of the Welding Society: The manufacturers of flash or butt 
welders guarantee their welders of being capable to weld a certain 
number of square inches cross-section area in a given time; also their 
spot welders of being capable to weld a certain thickness of material, 
with a given diameter of electrode in a given time. These are maxi- 
mum capacities, but a manufacturer purchasing a welder will change 
the clamping devices on flash or butt welders to suit his product and 
we find all welding equipment operating a large part of the time at 
reduced capacities and, of course, at reduced efficiencies. Even at 
maximum capacities the resistance welder is not an efficient electrical 
machine. The transformer is designed for a very large current and 
low voltage. The secondary terminals are bolted to the iron of the 
machine for mechanical strength for the welding clamps (flash weld- 
ers). The secondary is parallel to iron and partly surrounded by iron. 


Therefore, the loss owing to this heavy alternating current parallel- 
ing the iron is high. Also all secondary windings of welding trans- 
formers are cast copper which does not have the conductivity of 
hard drawn copper and increases the transformer losses as the [FR is 
high. The above is true of all resistance welders, there being at least 
seven joints or connections in the secondary circuit not counting the 
joint between the work. This heating of the connections represents 
power loss and must be charged against the overall efficiency of the 
welder as the heat is not utilized in the weld. 


However, this poor efficiency of the welder is not alarming as 4 
test on a flash welder welding 20 sq. in. showed a consumption of 
545 Kw. of energy during the flashing period of 23 seconds. This 
represents a very low cost per weld. 








+Paper published in the September, 1930, issue Journal of the A. W. 8S. 
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In regard to the strength of welds in plates and also in bars. There 
has been a lot of discussion as to what you might expect when you 
make a resistance weld in plates, having an electrode above and an 
electrode below. Just what would be the strength of this weld? 


Just before the war the company was interested in making a lot of 
hospitals for the Russian Government, and some of the material was 
rejected by the inspectors owing to the fact that some of the welds, 
while they were pulling out of the lighter plates, which were three- 
sixteenths of an inch in thickness, still did not develop what the 
inspectors considered was proper for a resistance weld. 


The general manager of the plant thought that inasmuch as these 
welds were all made on a manually operated machine in the morning 
when the man was fresh and felt like working, he stepped on the 
treadle real hard and forced the metal uniformly together and got a 
good weld; whereas in the evening, when he was getting tired, he 
was not getting such a good weld because he was not pressing the 
metal together after heating. 


Careful, check was made, and we found just the reverse. In the 
morning when he was fresh and felt like exerting himself the pressure 
on the lever was the greatest, we had the poorest welding; in the 
afternoon when he wasn’t so brisk with his work, he did not get 
such a depression in the plates, we obtained better welding. 


That led to a lot of investigation as to what would be the proper 
pressure to be applied for the resistance welding. The result was 
tabulated in Mr. Burton’s paper. 


More investigation found that the actual variable that existed and 
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what you could expect is in the thickness of the plate, which I wil! 
designate T, times the periphery of the weld. That metal in shear 
corresponds to the strength of the weld. When your plate becomes 
of such thickness that the periphery times the thickness of the meta! 
here is less than the area of the weld, your weld will pull in the form 
of a cone or it will take that particular form every time, which is the 
least area here in shear in every case. 


Some more investigation was made as to what we could expect as 
far as the relation of this weld metal to the original parent meta! 
was concerned. The only things we were interested in were structural! 
and intermediate grade steels. Accordingly we made a tool like 
that shown in Fig. 1, with the plunger P in the middle. Plunger P would 
very nicely fit on the inside. Then specimens were resistance welded 
and they were reduced to one-half inch diameter and they were 
placed, one here, at a and a, with the welding coming right where this 
plunger meets this U shape, the other coming right in at W. We 
did that so as to get away from as much of the friction as possib| 
in the machine. 


We found in shear, in comparison to the original parent metal, that 
some of them ran as high as 100 per cent. That did not seem right 
Consequently, on some of the tensile resistance butt welded sections 
we found that some ran over 100 per cent. That didn’t seem right 
On careful investigation we found that we did not have a weld at 
right angles, but the weld would come down in an angle as much as 
15 deg. Consequently when we put the shear across the weld we 
were getting part of the parent metal in shear. This weld being, as 
Mr. Burton stated, harder than the rest of the material, we were 
running up over 100 per cent, and the same was true in our tensile 
tests, because we made a test specimen of some welds not being at 
right angles, on an angle of that nature. Consequently, when we got 
a weld which was not at right angles to the bar we were getting over 
100 per cent. On all of the hundreds of tests we have conducted when 
they were at right angles, the tensile test of the intermediate and 
structural grades to the parent metal was 93 per cent; likewise on 
shear. Where the weld was at right angles it was 93 per cent shear to 
the original parent metal in shear. This held true from 20 ga. to 
3 in. Diam. Rounds. 


Some question was raised as to whether or not the manner in which 
those tests were made was correct, inasmuch as the sheets, in resistance 
welding and spot welding in particular, were tested at right angles to 
the grain. 


There were two boys (I cannot think of their names now) who as 
a thesis prepared quite a lengthy treatise on resistance welding for 
the Case School of Applied Science. They proceeded to take their wel(s 
on plates approximately one inch in thickness, reducing them, and 
then getting the shear the same as we did in this U-shaped machine. 


While they were unable to have the length of test specimens that 
we had, yet their tests very closely checked ours. They ran 91 per 
cent. (Applause.) 





DISCUSSION FALL MEETING PAPERS 85 


Mr. Woofter: Mr. Chairman and Gentlemen: I wish to congratu- 
late Mr. Burton on his article on welded steel joists. If we could get 
more articles from actual users of resistance welding it would do 
more, I am sure, to enlighten the members of the American Welding 
Society as well as the public at large regarding the value of re- 
sistance welding than any other thing, more than the resistance weld- 
ing people can do by attending these annual and semi-annual meet- 
ings—far more. 


I wish to congratulate Mr. Hughes on the investigations he has made, 
although I believe most of his investigations have been in relation to 
what we call spot welding. 


In looking over the article I think there are a few errors that should 
be pointed out, for the reason that this JOURNAL is going to practically 
all the States in the Union and practically all foreign countries, and 
there are a few things that cannot be considered as accurate. 


In my discussion of these points I wish to pay all respects to the 
author. However, he has investigated only one of the various branches 
of the art, and only one particular type of apparatus, and, as he says 
in his article, the resistance welding field is so great that special 
machines have to be designed for special purposes. 


One of the points I should like to bring out concerns page 79. We 
were sorry Mr. Burton did not state the particular type of welder that 
was being used wherein the copper and iron loss was 50 per cent of 
the total energy applied to the apparatus. I do not know of any re- 
sistance welding concern making resistance welders who manufacture 
now quite so bad a machine as that, although twenty-five or thirty 
years ago some of the welders at that time did have a power factor 
of only about 37 per cent, and would give about the results that Mr. 
Burton gets. 


I might state that the lighter types of resistance welders, and there 
are many of them, have power factors up to 80, 81 and 82, and I have 
seen a few cases where they ran as high as 91, but that is very un- 
usual. You can see that in a piece of apparatus of that kind the iron 
and coprer loss would not begin to be 50 per cent. 


One other thing I should like to discuss, lest it might be misleading 
to someone who reads this article in Japan or Mexico or South America, 
s that regarding the pressure used to make welds. This is a very wide 
ariable, and also depends on the heating. Mr. Burton says he is 
‘etting good welds from using 8000 to 10,000 lb. per square inch of 
pressure. This is a variable between wide ranges. Mr. Schenck of the 
Bethlehem Steel Co. gets good welds on 3500 Ib. per square inch. Other 
eople using special alloys that are very hard, even when they are 
ot, in some cases have to use 20,000 lb. per square inch to make a 
veld. This is especially true in some special alloys used for high 
ressure boilers where the metal is almost as dense and unyielding 
vhen it is hot as when it is cold. 


In reference to spot welding, it was not realized until about eight 
r ten years ago, that all spot welders then in use were not using 
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enough pressure per square inch to consummate a good weld. They 
were assuming that the same pressure that would make a good flash 
or butt weld would be sufficient for a good spot weld. 


I believe I can indicate to you very briefly the fallacy of that as- 
sumption. It might be true in very thin plates, because in thin plates 
a very few pounds of pressure will take the buckle out of the sheets 
and bring them into good juxtaposition for welding. Furthermore, 
when the electrode pushes and distorts the metal there is very little 
distortion necessary to push thin plates together. 


Let us take thicker plates, perhaps one-half inch thick. This area 
in here (indicating) is the heated area from which you expect to make 
your weld. This heated metal is ably supported by the reinforcing 
effect of the cooler metal here, so that instead of using about 5000 
ib. per square inch, as would be used in an ordinary flash or butt 
weld, it is necessary to use at least 14,000 lb. per square inch in order 
to start that metal, like a shear or punch, and get a good weld on 
heavy material. So we could expect, of course, to get very wide dif- 
ferences in pressure, depending upon the particular work to be done. 


In spot welding in automobile bodies, where they cannot get to the 
inside of the body to support it, there is no back-up pressure at al! 
except what the inherent rigidity of the work itself can provide. 
Suppose the spot weld is being made here. One side of the line is a 
bar running across a fixture, the other side of the line is fastened to 
a pry bar. The man fastens himself out here and he make a quick 
spot without any pressure on the inside of the body at all. Many auto- 
mobile bodies are made that way. They use this pry bar and you can 
go along and look inside and see a pretty bright red spot coming 
through. Incidentally, it is a very pretty thing to watch. 


Those are some of the idiosyncrasies of resistance welding, and it 
shows how hard it is to draw conclusions that will suit more than one 
particular case. Here is a case where you use practically no pres- 
sure. In the case I spoke of with the two one-half inch plates you 
have to use what seems to be absurdly high pressure. 


There is one other thing that might be misconstrued by someone 
in Japan or Mexico reading the article. Although we know that Mr. 
Burton referred to the particular transformer he was using, someone 
who is trying to manufacture transformers for his own use might 
be misled regarding the cross-section of the secondary. In very smal! 
welders the cross-section may not be over '% in., whereas we have 
instances where it is as great as 432 sq. in. in cross-section, which is a 
very powerful machine, of course, and is not very common. But it 
shows again how widely these particular things vary. 


As regards the plain butt weld being the ideal resistance weld, we 
assume he refers to joists only, but of course that might be misc 
strued by people at large. The butt weld is, of course, what we : 
a spot weld or what we call a mash weld, but so far as rims or rods 
or bars or wheels or anything of that kind is concerned, less than 
per cent of them are being butt welded throughout the world at | 
present time. In the old days the first welds were done by means 
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of straight butt welding for several reasons: First, the flash welding 
process had not been discovered or generally used until about 1915. 
Now. however, owing to investigations which have shown that flash 
welds, when properly made, will develop at least 110 per cent of the 
strength of the original metal, whereas the butt weld seldom will 
give more than 90 per cent of the original strength of the metal, that 
limiting feature would be sufficient, as you can easily see, to cause the 
use of flash welding. But there are other considerations. It only 
takes about 40 or 50 per cent as much power to make a flash weld, 
which is better, than to make a butt weld or a mash weld. This, of 
course, is another consideration and has great weight. 


The two particular types of joists shown are very interesting indeed. 
tecently in Detroit I saw them being used in a building there. I 
asked the construction man who goes around over the country in- 
stalling these joists if he had many failures of welds. He said that 
in seven years he had never experienced a broken weld, which I think 
speaks very well for the process, the welding machine, and the par- 
ticular joists. 

One other thing where Mr. Burton errs in his talk here is in regard 
to the stock being rusty. That has been one of the hardest things 
we have had to combat for many, many years. It is to get the cus- 
tomer to have his stock come to the welder clean and free from rust. 
There is no objection to a slight coating of oil. In fact, it is a help 
in that it keeps the stock from rusting during the time it gets from 


the punch press or shear, as the case might be, until it comes to the 
welder. 


Contrary to what Mr. Burton has said, they use, in automobile 
bodies and other products that are bright, shiny, cold rolled steel, a 
covering, or film, of light oil so that it will not rust while in storage. 


As regards automobile rims, the stock is taken in large bundles and 
put in a pickling tank and then goes to the shear, then rolled, and sent 
to the welder while it is still warm from the pickling tank, so as to 
always insure getting clean stock and a good weld. These pickling 
tanks are costly to buy and install, and take up as much room as the 
length of this hall with perhaps half its width, with a dozen men 
operating them. You can easily see that all of the automobile con- 
cerns and others would not do all this if it were not absolutely neces- 
sary to have bright, clean stock in order to secure good welds at all 
times. 

One other thing I should like to remark about is in connection with 
welding higu carbon steel. We note that the author is using steel as 
high as 0.654 and does not mention annealing it later. It is a common 
ractice for practically all users of high carbon steel, when the carbon 
ontent is above 0.50, to anneal it at all times. Sometimes you can get 
away with it up to 0.65 or 0.70 without annealing, but you are taking 
i chance. We have no treuble in welding high carbon steel up as high 
is 1.20 carbon content, while 0.80 is used every day. It is all flash 


welded, notwithstanding Mr. Burton’s statement that high carbon steel 
must be butt welded. 
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Take the case of the Morse Twist Drill Company at New Bedford. 
You all know what the carbon content must be in those high speed 
reamers and cutters. They are flash welded onto mild steel shanks 
and immediately taken from the welder and placed in the annealing 
oven to neutralize the weld. 


In the case of loom flyers, made somewhat like a glorified tuning 
fork of the old singing school days, the spool of cotton goes on here, 
and the yarn goes up through these forks. This revolves at an enor- 
mously high rate of speed, anywhere from 3500 up to 7000 r.p.m. 
You can realize the enormous stress from centrifugal force occurring 
at or about the bend in these arms. There are usually seven welds 
on these flyers. There are about 400 of these flyers in each loom, 
and there are sometimes 400 looms in an enormous spinning room. 
You can imagine what would occur if some of those welds should 
go bolshevik. They would wreck that plant just as completely as if 
a bomb had been discharged in it. 


They anneal and quench this high carbon weld, which has been 
flash welded, sometimes as often as seven times, one after another, 
to get the grain structure as they want it so that it wil! stand that 
enormous strain without wrecking the plant and killing the help. 


It is very common to flash weld high carbon steels such as are used 
in rug splitting knives, where the rugs are made and then split into 
two or more rugs. That has to be extremely high carbon steel, and 
we have no trouble at all in flash welding, but it must be annealed 
and quenched, afterward. 


As I said before, | am very glad that Mr. Burton has written this 
article, and I hope that it will be followed by articles from other users 
of resistance welding. Mr. Spraragen wrote me some time ago for 
suggestions as to authors for articles on pipe. I suggested that he 
procure some large maker or user of resistance welded pipe because 
those fellows have many different angles on it, different from those 
the manufacturers of the welding machines would have. 


The same thing could be very properly done in regard to rims, 
wheels, and things of that kind. 


I don’t believe I have anything more, and I hope you will take these 
suggestions I have made as comments from one who has been in 
the business for twenty-odd years and not as severe criticism at «ll. 
I thank you for your consideration in listening to me. (Applause.) 


Professor Adams: First, I wish to support a previous speaker in 
regretting that we have not had the benefit of more papers and 
discussions dealing with the problems arising in connection with re- 
sistance welding. There is certainly room for work in this field. 
Moreover, there are many important applications of resistance welding 
which have never been brought to the attention of the Society, and 
many places where new applications may yet be made. 


Perhaps many of those present do not realize how much resistance 
welding is now being done. As a matter of fact, the total cross-sec- 
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tional area of joints welded by this process every day in our indus- 
tries probably exceeds that of those welded by the arc process. 


It may be well at this time to explain briefly the difference between 
the original Thomson resistance weld and the more modern flash 
weld. 


In the straight resistance weld the two surfaces of the joint to be 
welded are pressed together and a heavy current passed through the 
joint. As the resistance of the contact surface is very high, as com- 
pared with that of the solid metal, most of the heat is developed at 
the joint. When the temperature has reached the welding point, fur- 
ther pressure is applied and the weld made. 


However, in the case of large surfaces it is difficult to get them to 
fit so uniformly over the whole area that the distribution of the heat 
will be sufficiently uniform to produce a good weld. 


The fiash weld, on the other hand, is made by holding the two sur- 
faces only lightly in contact and allowing the metal to actually burn 
away until the two surfaces fit perfectly and the heat is uniform over 
the surfaces. In this process the electrical resistance is much more 
localized at the joint and the surfaces are raised to a higher tempera- 
ture, practically to the point of fusion. The upset is then made and 
soft metal squeezes out around the edge of the joint in a jagged flash, 
some of which is obviously burned or heavily oxidized on the sur- 
face. This flash must then be cleaned off, at least in most cases. 


The flash weld requires much less current than the straight re- 
sistance weld because of the higher resistance of the loose contact, 
which sometimes practically constitutes a short arc. For the same 
reason the heat is more localized in this case. 


Referring now specifically to Mr. Burton’s paper, it is unfortunate 
that some of his general discussion of the art, which is undoubtedly 
injected with the idea of informing the members of the Society on 
this important subject, applied only to the particular job in hand. 
| was very glad on this account to hear his oral explanation of this 
fact, since it would be terrifically misleading to apply this discussion 
and some of the quantitative values given to the resistance process in 
veneral. 


As an example, I should like to say a word in regard to the desira- 
bility of a rust film on the surface to be welded. In the type of weld 
presented here by Mr. Burton you have a rounded surface welded on 
0 a flat surface. When the contact is first made its area is small 
ind there is some flash or burning of the metal as it fuses and upsets 
enough to produce the necessary area of the weld section. In other 
words, although this weld is made by the straight resistance method, 
there is some flashing involved. This is shown clearly on the sample 
exhibited. In such a case, the question of rust or no rust is not 
‘mportant since the pressure in making the weld squeezes out most of 
the slag which may be present, due either to the original rust film 
r to the burning incident to the weld. If, on the other hand, you 
nave two relatively large surfaces to be welded together by the straight 
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resistance push-up method, and if you have a film of oxide over these 
surfaces, that oxide does not and cannot get out and is highly unde- 
sirable in the weld. As a matter of fact, where this type of weld is 
made between flat surfaces of any considerable dimensions, these sur- 
faces are always carefully cleaned before the weld is made. 


Finally, I should like to emphasize again the magnitude of the 
resistance welding field and to express the hope that we may have 
more papers and more research work in this important field of welding. 

Discussion paper “Cost of Using Welding,”’+ by R. E. Kinkead, Con- 
sulting Engineer. 


Mr. Robert E. Kinkead: Mr. Chairman and Gentlemen: In listening 
to Professor Adams I recalled that years ago Professor Adams pre- 
dicted that the Welding Society would grow, that the welding industry 
would grow, and that the Welding Society would serve a useful pur- 
pose in publishing the results of various investigators in various and 
different fields. I want to say that in the last two years the technica! 
data published by the Society have certainly amply justified Professor 
Adams’ prediction. 


Mr. E. N. Baldwin (Westinghouse Electric Elevator Company): Mr 
Chairman and Members of the Welding Society: The subject of the 
full economic value of using welding is of vital importance in an in- 
dustry such as the elevator business because that industry includes 
not only the manufacture of equipment and its sale, but the installa- 
tion and the servicing of the equipment. 


The following example of a cast iron oil buffer replaced by a welded 
oil buffer is given: 


Per Cent Per Cent Per Cent 
of Total of Total Sav- of Total 
Old Cost New Cost ings Saving 
Weight 1,174 lb. 174 lb. 1,000 Ib. 
Factory Cost 69. 64. 
Factory Cost of Mtg. ’ 5. 
Oil 1. 
Shipping Cost at $0.35 per 100 lb. 
Trucking Costs 
Construction Costs at $4.00 per 
team hr. 18.2 27.2 
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Total Value 100.0% 100.0% 
Costs outside of F. C. 30.8% 35.7% 


Due to the increased strength of welded steel the buffer can use less 
material and is smaller in size. Therefore is much less in weight, 
uses less oil and requires lighter supports. 

Due to its less weight, the savings in shipping, trucking and con- 
struction costs were made possible. In placing the old buffer in an 
elevator pit it required a man and his helper to erect a sling and 
tackle so that the buffer could be lifted into its place; while the new 
buffer can be lifted in by the constructor and a helper. 

The sales value was increased by the following sales points: 

1. Less room required in the pit. 


+Paper published in September, 1930, issue Journal A, W. S 
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2. Less oil required for maintenance. 
3. Due to the light weight of the plunger there is less shock to 
the passengers in the car when the car strikes the buffer. 


From the above table we note that 32.7 per cent of the savings was 
due to the reduction of weight which directly affected cost other 


than Manufacturing Cost. One-half of this saving was due to the 
construction savings. 


In order to have true costs an effort should be made to segregate 
all charges back to the particular apparatus, such as factory costs, 
construction costs, service and repair costs. Due to the high cost 
of construction labor it is imperative that construction costs be seg- 
regated. 


Mr. P. J. Horgan (General Electric Company): The subject of the 
cost of welding involves two distinct phases of the industry, welding 
engineering as well as cost accounting. Whether you believe it or not, 
in spite of what Mr. Kinkead has said, all the office-boy purchasing 
agents have not disappeared. We still must recognize the fact that 
we must establish a price on our apparatus, and materials we are 
trying to weld and sell, and I know of no better indicator than the 
material, labor and overhead basis. In fact, Mr. Kinkead in his paper 
very clearly brings that out when in the last paragraph he refers to 
the fact that the A. O. Smith Corporation have developed such a suc- 
cessful reputation in the marketing of their goods. There is no ques- 
tion in my mind that the typical example he refers to, of the $6,000 
vessel, was not made by the A. O. Smith Corporation. 


We know that different kinds of work require different qualities, 
based upon the amount of labor put into getting the result. 


To make any discussion of the actual cost of welding as produced 
by various shops under varicus conditions would be almost endless 
detail. 

This morning while they were discussing flash welding one thought 
came to my mind. Among other problems we had in our particular 
plant was the welding of rings in a single joint. That machine, we 
will say, of a given size makes rings six and seven inches wide by 
about three-quarters of an inch thick. We are making those rings 
today at the rate of about 30 per hour, one every two minutes. It is 
a machine with 500 kva., and I know Professor Adams has made this 
statement personally, thai we are wasting too much time in flashing. 
Take that machine producing thirty rings an hour with a correspond- 
ing piece-work labor cost. We probably use a minute or a minute and 
a half in getting the work in and out of the machine, the rest of the 
time in performing the welding cycle. We will say the machine costs 
$15,000. Suppose I could take that 30-second welding cycle and cut 
it down to a 10-second welding cycle. Instead of getting a $15,000 
machine we would have to get a $75,000 machine. If we went out to 
get a $75,000 machine we wouldn’t have anything at all. We would 
still be making those rings in castings. 


I say, gentlemen, that the labor reduction due to perhaps increasing 
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the speed of the welding cycle would have defeated the entire purpose 
of the job. Therefore, we decided to get the $15,000 machine and es- 
tablish our piece-work rate on that basis. 


I still maintain we must know the quality of the apraratus we are 
trying to market, and I still believe that for a long, long time to come 
we must be satisfied with our present cost indicator which is based on 
material, labor and overhead. 


Mr. James W. Owens (Welding Engineering & Research Corpora- 
tion): Messrs. Horgan and Kinkead are both right. Mr. Horgan is 
right from the manufacturer’s standpoint, for the three factors, labor, 
material, and overhead, must be taken into consideration; and Mr. 
Kinkead is right from the purchaser’s standpoint, even though the 
purchaser does not appreciate the fact that “first cost” is frequently 
a very small percentage of the total or ultimate cost when service 
over a period of years is considered. 


At the present time there is a woeful lack of information on the 
manufacturing cost of welded products, and recently two instances 
have come to my attention where bids on welded products varied so 
widely that the purchaser of the product came to the conclusion that 
the bidders knew so little about the class of work on which they were 
bidding that it would be unwise to seriously consider welding. 


Fundamentally, there are several causes for this state of affairs, 
some of which are: Lack of cost data, lack of knowledge of the factors 
on which costs are based, and planning and scheduling departments 
functioning under former methods of manufacturing the product. 


I have estimated that if welding were fully utilized in a shipyard 
doing a $20,000,000 business annually, savings would amount to $1,900, 
000. From this you can see what enormous savings could be effected 
in industry as a whole if welding were fully applied, instead of th 
piecemeal method now in vogue in many plants. 


WEDNESDAY AFTERNOON SESSION—Sept. 24, 1930 


The meeting convened at 2:15 o’clock, Prof. H. L. Whittemore, of 
the Bureau of Standards, presiding. 


Chairman Whittemore: The session this afternoon is a Symposium 
on Testing of Welds. This is an effort to help the Committee on 
Standard Tests for Welds in revising its specifications. 


Discussion of paper on “Use of Gamma Rays for Examining Welds,’+ 
by Messrs. R. F. Mehl, G. E. Doan and C. S. Barrett. 


Mr. Peter F. Alexander (General Electric Company): Mr. Chair 
man, it is rather difficult to judge the remarkable photographs that 
Professor Doan obtained by reproduction on the screen. However, if 
you examine the preprint of that paper where these photographs are 
reproduced with greater clearness you will see that it is quite possible 
to obtain very definite outlines of various cavities in steel castings 
and other structures through thickness of 10 or 12 inches of steel. 


7Paper published in the September, 1930, issue Journal of the A. W. S. 
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Of course, the fundamental facts underlying the use of gamma rays 
were known for quite a few years. Professor Rutherford and Soddy 
used the various methods of detection of gamma rays reported by 
Professor Doan in their original investigations. However, the results 
obtained were results of purely scientific research, and were out of 
reach of engineers and practical metallurgists. 


So far as I know there was only one attempt to use gamma rays 
for the detection of flaws in castings. That attempt was reported 
about two years ago from Leningrad, in the Soviet Union. Yet even 
in that investigation only an electrical method of detection of the 
flaws was used. So this paper and this investigation is really a 
pioneer work in detection of the flaws in metallurgical structures by 
means of gamma rays and the photographic plate. 


To fully appreciate the novelty and the possibility of this method 
of testing, we should visualize the wonderful properties of the sub- 
stance used by Professor Doan. In his investigation he has used not 
radium but radium emanation. It is a gas evolved by radium. This 
vas is perfectly neutral, so far as physical and chemical properties 
are concerned, yet it is extremely radioactive; in fact, it is much more 
radioactive than radium itself. As Professor Soddy expressed it, one 
point of radium emanation is equivalent to one-half ton of pure 
radium. So, due to that extremely high radioactivity of the sub- 
stance, only infinitesimal amounts of it are necessary. In the work 
which has been done by Professor Doan probably only a volume 
equivalent to a pinhead of radium emanation was used. That was 
sufficient. But we will appreciate still more the radioactivity of this 
substance if we remember that it is not the gas included in that small 
apsule which produces the gamma rays. But only the products of 
the decay of that gas. The gamma rays are produced not by radium 
‘manation but by radium “C,” which is deposited like snow on the 
walls of that glass container from the gas included in that small 
‘apsule. Since it is deposited all around on the walls it radiates the 
vamma rays in all directions. The amount of that deposited radium 
‘C” is so small that it is invisible, yet the radiations issued from 
hat infinitesimal amount of matter are strong enough to penetrate 
hicknesses of 11 or 12 inches of steel. 


t is too early to speculate on the practical results which undoubt- 
‘dly will follow this pioneer work. Still we may see that Professor 
Doan showed us a new and powerful method of testing materials which 
ater on could be developed into a practical tool. We can only hope 
hat Professor Doan will continue his work and extend his investiga- 
ions to other methods of radiography. 


For instance, only yesterday we heard a paper on the examination 
‘f welds by the monochromatic pinhole method. A beam of X-ray is 
lirected through a thin section of steel and the pattern reproduced on 
‘he photographic plate gives us information on the strains and struc- 
ture of that metal. Unfortunately, the X-rays used in that way are 
not capable of penetrating more than a few thousandths of an inch in 
thickness. The sample must be cut out of the weld and ground into 
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a thin plate. In fact, that process is still a purely laboratory process. 


With gamma rays, however, we may penetrate heavy sections of 
welds and castings and other structures to be examined by this method 
without destruction of that part of the apparatus, and so obtain the 
information on the strains and structure of metal in the vital parts 
of engineering structures. 


The cost of radium is extremely high at the present time, some- 
where in the neighborhood of $70,000 per gram. However, as Pro- 
fessor Doan pointed out, it is possible to use not pure radium but 
radium emanation which is evolved continuously and practically in- 
definitely, regardless of the fact of whether radium is used or not, and 
without the reduction of the radioactivity of the radium. It is a by- 
product of radium, so that the cost could be very much lower than 
that of pure radium. 


I hope that this paper will be studied by all the engineers interested 
in the testing of materials and that it will be an inspiration to other 
research workers. (Applause.) 


Chairman Whittemore: I think Mr. R. W. Clark of the General 
Electric Company will discuss this paper. 


Mr. R. W. Clark: Mr. Alexander has covered the discussion and | 
have nothing to add. 


Chairman Whittemore: I think he did very satisfactorily. Thank 
you very much, Professor Doan. 


Vice-President McKibben: My attention was recently called to the 
collapse of a double bascule bridge with two arms. While the arms 
were being raised, four castings, which had been in use fifteen years, 
broke, and were later found to have shrinkage holes. They were sup- 
posed to be of cast steel. When the arms of the bridge fell, the coun- 
terweight, weighing 570 tons, dropped into the river and a consider- 
able amount of the machinery and a great deal of structural materia! 
of the bridge was destroyed. It cost about $37,000 to repair the 
damage. If a careful investigation had been made of those four 
castings by some such process as has been outlined here today and 
yesterday, the failure of this structure could have been prevented. 


Mr. Owens: I would like to ask two questions of Professor Doan. 
First, does he think the X-raying of six-inch material is commercially 
practical, and second, does he consider there is enough radium avail- 
able or in sight to commercially use the gamma rays for heav) 
material? 


Professor Doan: Mr. Owens is asking questions on the application 
of the method. I think I had better say that we haven’t yet built up 
a table of quantitative data sufficient to say just what thickness o! 
metal requires a certain length of exposure, and a certain intensity of 
radium source for every possible case. I think anyone familiar with 
X-Radiography could answer your first question for you. Doctor 
Kinzel, I am sure, could answer you on the practicability of examining 
six-inch sections with X-rays, and I think he would say that it isn't 
practicable at present. 
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As to the thickness and the time of exposure required with a given 
intensity of source, those figures are given for the objects that i 
showed you on the screen. In these fuller copies of the paper (al- 
though I haven’t very many of them, you can get all you want from the 
ASST), is given the exposure time for the different objects, the dis- 
tance of the object from the radium source, and the intensity of the 
radium source. There is a great deal of reduction of the time of 
exposure by using intensifying screens, such as are used in X-ray 
exposures, of calcium tungstate, the Patterson screen. Of course, the 
closer you bring your radium source to the object the shorter the time, 
in accordance with the inverse square law, the number of rays falling 
on a given area decreasing with the square of the distance. Naturally, 
since the rays come out radially, the closer the rays are to the object 
the shorter the time, the stronger the source the shorter the time, and 
the thinner the object the shorter the time. With those three varia- 
bles you can make a great many changes to best meet your purpose, 
keeping in mind that you expose perhaps a dozen objects at one time, 
distributed as a sphere around the radium source. 


Mr. A. B. Zinzel (Union Carbide and Carbon Research Laboratories) : 
It is true that as the X-ray equipment stands now the routine measure- 
ment of six-inch material is not economically possible. However, re 
cently million-volt equipment is being considered. We do not know 
as yet what new fields this will open up. We have not reached the 
end of the economic possibilities with the X-ray. 


Professor Alexander was a little more fortunate than we were in 
being able to get the Leningrad article. We have been trying to get it. 


We were particularly interested to see the present paper, and it cer- 
tainly deserves commendation. 

There seems to be a good deal of enthusiasm among the welders with 
respect to the possibilities of the X-rays. The method has a great 
many potentialities. However, we must remember that there may be 
limiting factors. For example, we were shown here that the rays go 
through steel about nine times the thickness in the same time as that 
required in X-rays. That means that the difference in intensity due to a 
given defect is also diminished. In most of our weld testing we are 
not interested, in large holes. We are generally interested in the 
fusion or very small blow-holes. If we go to heavier materials and 
go to X-rays with the very short wave length, the sensitivity is cut 
down very seriously. This simply means that this method will have 
its particular field just as the X-ray has. One is not going to supplant 


the other, as I see it now. It is rather a case of the methods supple- 
menting each other. 


I do want to publicly congratulate the authors on a very fine piece 
of work. It is an extremely good experimental job and is very much 
more than just a noble experiment. (Applause.) 

Mr. Leon C. Bibber (U. S. Navy): I should like to add that we have 
given these gentlemen the opportunity of using this thing practically. 
The U. S. Cruiser Chester, one of the newer cruiser, broke her stern 
frame, which is a steel casting more than six inches thick in some 
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places. This break was welded by the metallic arc. We have given 
the Naval Research Laboratory the opportunity of testing out this 
process on this break, and if they are successful in making pictures o! 
this very complicated structure we feel that it will be a very good 
practical test of this new process. 


N. Mayhew (Westinghouse Electric & Manufacturing Co.): We had 
some small gold tubes. I don’t remember the metric sizes, but one 
could get a human hair in the hole, but not a horse hair. The outside 
diameter was about one-sixty-fourth of an inch. This tube was about 
five inches long and was filled with radon gas at a quarter atmosphere 
pressure. The tube was then cut in one-eighth inch lengths, and in 
cutting the ends were squeezed together, thus forming a small tank 
about one-eighth inch long by one-sixty-fourth inch diameter. It was 
found desirable to weld the ends of this tube where the ends were 
squeezed together. This was done by holding the end of the tube 
against a carbon block and allowing the current from a condenser to 
discharge from the tube to the carbon block, thus melting the edges 
together forming a weld. These tubes of radon gas could be made in 
lengths up to two feet long. The cost would be less than a radium 
salt but the life of the gas would be only a few days. This radon 
gas is made from radium and is radio active, therefore could be used 
in the inspection of welded seams and joints. 


Chairman Whittemore: We should like to get all these suggestions 
Are you ready to go on with the rest of the program? Professor 
Doan has another meeting over at the Stevens Hotel and he has asked 
to be excused. I am sorry he can’t stay until the end of the discussion. 


Discussion of paper on “Tensile Tests for Welds,’+ by Mr. J. W. 
Owens. 


Mr. Owens: Mr. Chairman and Gentlemen: As my paper is brief, 
my ideas will be better brought to your attention by reading it rather 
than by simply touching on parts of it. Before reading it, however, 
I would call your attention to the following typographical errors: 
On page 80 the sentence “as it is necessary to test welds less than 
4 in. thick” should read: “——— less than % in. thick.” On page 87, 
lines two and four, the value 69,700 lb. should be 59,700 lb.; and on 
page 88, first line, the radius of curvature should be three times the 
width of the reduced section instead of four times as given. (Mr 
Owens then read his prepared paper.) 


Mr. Owens: My paper was, of necessity, restricted to the testing of 
the weld, but as the problem and methods of testing the “filler meta!” 
(welding wire) used to make the weld is practically identical, a few 
comments on the Society’s present specifications for welding wire 
would be appropriate at this time. 


These specifications are primarily based on a chemical analysis of 
the filler metal and have served a purpose. However, with the intro- 
duction of various alloy gas welding rods, coated and covered elec- 
trodes, many of which are patented, this type of specification has be- 


*Paper published in the October, 1930, issue Journal of the A. W. S. 
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come useless as a practical commercial method of selecting and/or pur- 
chasing this material. The only practical method then is to specify 
the physical and other characteristics of the weld metal required and 
grade or classify all filler metal on this basis, whether it be metal elec- 
trodes, gas welding rods or thermit mixtures. For example (consider- 
ing only perfect specimens) the minimum values for carbon steel weld 
metal deposited with Grade A filler metal might be—T.S.—65,000 Ib., 
Y.P.—50,000 Ib.; % elong. in 2 in.—20; % reduction in area—30, spe- 
cific gravity—7.80; Grade B filler metal—T.S.—60,000 lb., Y.P.—45,000 
lb. % elongation in 2 in—6; % reduction in area—10, specific gravity 
—7.60, and so on. Gentlemen, such a specification for filler metal 
will solve many of the problems we are confronted with today. This 
method of specifying filler metal has been suggested from time to time 
by Dr. Adams, Mr. McCune, Mr. Spraragen and myself. I believe the 
time has arrived for this type of filler metal specification, and I hope to 
see it realized. I thank you. (Applause.) 








Chairman Whittemore: I find that I am in hearty agreement with 
Mr. Owens on most everything. He has given the results of tests 
upon which he has based his conclusions. 


Before we pass on I should like to call attention to his statement 
about the specimens of a different size, as long as they are four times 
the diameter and gage length. You remember Past President Sam 
Miller of this Society, who did so much for welding, used to talk about 
B. Barba’s law. You can take your %4-in. diameter 2-in. gage length 
A. 8. T. M. tensile specimen and divide every dimension by any number 
you like and make a new drawing. The properties of all these spec- 
imens will be the same if the material is the same. We have in an 
emergency taken specimens 4% in. in diameter and '4-in. gage length 
and obtained the same properties we obtained with larger specimens. 


H. F. Moore (University of Illinois): This report on tests, test 
specimens and test methods is to be commended for its recognition of 
the various purposes to be served by tests of welded joints: there are 
tests for studying carefully the uniformity of properties throughout 
the joint and the base metal, there are tests for strength across the 
joint—the “practical” test of strengh, there are tests designed to use 
in testing the skill and reliability of welders. May I emphasize the 
mportance of having suitable tests for welders. We dream of the day 
when there will be available a simple, inexpensive, practical non-de- 
structive test to determine the soundness of welded joints, but until 
that day arrives the systematic training of welders in making welds 
ind the systematic testing of their skill from time to time is of major 
mportance. 


I may mention one or two minor points about the specimens shown. 
Che round tension specimen described in the A. S. T. M. Tentative 
tandards is not 0.505 in. diameter. It is \~ in. diameter with a toler- 
ince of + 0.01 in. That is, any specimen with a diameter between 
.490 and 0.510 in. is acceptable, and the diameter of the specimen 
hould always be measyred, never assumed to be 0.505 in. or any other 
llameter, 
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The question of proportion of gage length to diameter is covered ip 
the A. S. T. M. Tentative Standards, which definitely state that if , 
specimen cannot be made so large as ‘-in. in diameter, it may be made 


smaller with a gage length for measuring elongation four times the 
diameter. 


Quite properly Mr. Owens emphasizes the importance of suitable 
holders (or shackles) for round specimens. The speaker would go 
even further than Mr. Owens and point out that ordinary spherical 
seated holders are not always effective when testing brittle materia! 
The form of seat known as the Robertson shackle, and described in 
the A. S. T. M. Tenative Standards for Tension Tests, is recommended 
for consideration for such tests. 


The tension specimen with the reduced section formed by a circular 
groove is of interest. The effect of the circular groove is two fold. It 
increases the irregularity of stress distribution, which tends to weaken 
the specimen, and restrains the tendency to lateral contraction under 
tension, which strengthens the specimen. For brittle materials the 
net effect is to weaken the specimen, and for ductile materials the net 
effect is usually to increase the tensile strength slightly. It is worthy 
of note that the uniformity of stress distribution can nearly always be 
improved by making the specimen longer, with the critical section fur- 
ther removed from the grips. 


I believe that the proposed specimen with the “groove,” a circle 4 
in. in radius, would make a good specimen for testing the strength of 
the weld as a whole. As the author of the report pointed out, such a 


specimen would have a tendency to fail in the weld, and with so large 


a radius as 4 in. the groove would cause very little irregularity in stress 
distribution. 


I believe that the authors of the report have done well to pass lightly 
over the determination of yield point of welded joint. In a structure 
the yield point of the base metal would be of major importance, because 
there is so much of it that yielding would tend to cause collapse of the 
structure. Yielding in the weld metal, however, would affect only a 


small proportion of the material and would probably mean only a local 
distortion. 


It may be well to point out that none of the proposed tension tests 
give information as to the strength of the welded joint under the action 
of stress repeated thousands of times—that is fatigue strength. 


Chairman Whittemore: I should like to ask Professor Moore if he 
agrees with the author of this paper that the 8-in. gage length spec- 
imen should be used for ductile materials and the 2-in. gage length 
specimen for castings and brittle metals? 


Professor Moore: With the welded joint in mind? 


Chairman Whittemore: No. I think Mr. Owens stated that in the 
A. S. T. M. specifications the 8-in. gage length specimen is used 10! 
ductile material, and the 2-in. for brittle material and castings. 


Professor Moore: I do not get that statement, 
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Mr. Owens: I made that statement because | happened to look up 
the A. 8. T. M. specifications. Probably you could use either specimens 
for either material. You don’t use the 8-in. for cast or brittle, but you 
can use the other one for both. 


Professor Moore: The other one is used for ductile material, and it 
is allowable by the A. S. T. M. for material over, I think, 1'% in. thick, 
to use either specimen. 


Chairman Whittemore: It is probably a better specimen than the 
8-in. specimen as regards applying the load axially. 


Professor Moore: The only objection to the specimen is that you 
have to have stuff at least *4 in. in diameter and it costs more for 
machining. 


Mr. Owens: My point is that with ends which can be held in the 
grips there is no need to thread the ends of the specimen. The cost 


of the specimen would be reduced and it would be used much more 
widely. 


Professor Moore: The A. S. T. M. allow the use of the threaded 
ends. The form of ends is not specified. 


Chairman Whittemore: I agree with Mr. Owens on that. The 
cylindrical specimen is probably a better specimen from the testing 
standpoint. If it is too expensive and you can’t get it, that is another 
story. 


Mr. A. B. Kinzel (Union Carbide and Carbon Reasearch Labora- 
tories): I have listened to this paper with very great interest. Mr. 
Owens has shown very completely how a weld may be analyzed and 
how a welded structure may be analyzed. The implication is that in 
routine testing a welded joint should be so analyzed. I don’t agree 
with him there. I should like to quote Mr. S. W. Miller, with whom | 
was very closely associated. He said more than once that the purpose 
of the physical tests is to enable us to duplicate materials and those 
properties of materials in service which we know by experience to 
have given satisfactory service. That is one purpose. There are 
others, undoubtedly, but that is the one that we must bear in mind 
when we are talking about routine and standard tests for welds. 


In service the weld is used with the major stress across the weld. 
It is used as a unit, not as three parts. It is very interesting in a 
laboratory and as a matter of general study to analyze this unit as Mr. 
Owens has suggested, but to tell us how that unit is going to serve it 
eems to me we should test the unit as a whole, and that that should 
be the standard test. 


One of the tests in Mr. Owens’ series attempts to do that, but even 
that has been modified. He has thrown the stress into the weld by 
the curved section. If we have a parallel section, taken across the 
weld and tested and it breaks in the base metal, we know that the 
tensile strength of the welded material and fusion zone is greater than 
that of the plate, and for engineering purposes that is all we need to 
know about strength for the structure. Ductility must then be de- 
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termined. In design the limit stress, which would be the plate stress, 
is used. If the joint breaks in the weld, then we have only the norma 
limitations of our testing methods. I say that because of Professo: 
Moore’s remarks as to stress distribution, within those limits we have 
absolute figures as to the ultimate tensile strength of the weld materia! 
We do not have anything quantitative on ductility. 


If you are making a tensile test for engineering purposes, there are 
two things of interest. That is, what is the tensile strength of the 
weld material, if it isn’t as strong as the plate? If it is stronger than 
the plate, all right. This test should then be used in conjunction with 
the bend test for ductility, which is an important factor. In the spec- 
imens here shown with the curve, as Professor Moore brought out, 
the final figure is influenced very decidedly. In the Owens specimens 
the tensile figures are influenced by the ductility. So there, instead of 
having something which separates the components and different fac- 
tors, we are getting a specimen which puts the two together. That is 
another point to be generally considered. 


Chairman Whittemore: I have used a lot of those arguments on Mr 
Owens, and I am glad to hear others bring them up. 


Mr. Owens: If Mr. Kinzel will turn to page 86 he will find that the 
parallel specimens broke outside the weld and the specimens with the 
curved reduction at the weld broke in the fusion zone at values which 
were lower or equivalent to those of the base metal. A parallel spec- 
imen does not give you a clear indication of bad fusion. You might 
have had bad fusion in your specimens with parallel sides and not know 
it because your weld metal having a higher tensile strength than the 
base metal, would give you a unit value for the fusion zone meta! 
which is higher than that of the base metal. 


Mr. Kinzel: Mr. Chairman, what Mr. Owens says is very true, but he 
is losing sight of the fact that he is making a tensile test. We are try- 
ing to get the tensile strength of the joint and not the quality of the 
weld in the fusion zone. We get that with other tests. 


Mr. Owens: Both should go together. 


Mr. H. F. Moore: Mr. Kinzel just made a remark about the length 
of the specimen. You are going to get the same difficulty with the 
parallel section if you get a failure in the weld. The weld tries to 
contract sidewise and is restrained in just the same manner as the 
other. So the long parallel specimen has no advantage in determininy 
the tensile strength of the weld material. 


Mr. Kinzel: That is true, but the supposition must be modified by the 
fact that all the weld metal in general use that I know of has a highe: 
yield point than the base metal, so the strain action of the base metal, 
so far as contraction goes, would be very low indeed, if any. 


Mr. J. J. Crowe: May I ask Mr. Owens if he has made any studie- 
on that. It seems to me that the test is this: Can you take any one 
of the test specimens that Mr. Owens has pointed out and from fhe 
results of those test specimens evaluate the tensile strength of the 
joint? It seems to me that what you actually want to know is the 
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strength of the joint. Have any of these “est specimens given any in- 
dication as to what strength you may expect of the welded joint? 


There is one other point I shoulc like to bring out. Mr. Owens said 
that the chemical composition of the weld metal should be the same 
as that of the parent metal. I think that was something we tried for 
ten years ago, but more recently very little consideration is given to 
trying to match the parent metal with the weld metal, and it is not un- 
usual practice to use alloy steels for welding low carbon plates and 
to use low carbon welding rods to weld alloy plates. 


Mr. R. Kraus (Westinghouse Electric & Manufacturing Company) : 
What was that last point on metals? 


Chairman Whittemore: I might say, in answer to Mr. Kraus, that I 
think Mr. Owens said that the base metal and weld meal should be what 
you are going to use in your structure. They might be the same and 
they might be different. 


Mr. Owens: I said that the ideal weld is one in which the various 
characteristics of the weld metal and fusion zone are identical or bet- 
ter than those of the base metal. In practice, however, we find that the 
chemical composition of the weld metal and fusion zone is of less im- 
portance than their physical and metallurgical characteristics. 


Mr. R. Kraus (Westinghouse Electric & Manufacturing Company): 
Professor Moore made reference to the testing of welds and the inves- 
tigations he has conducted. I should like to ask Mr. Owens if he 
recommends in the testing of welders that the weld be ground flush 
like the picture shows in his test, or if that is just shown for testing 
and study of weld metal. 


LY. 
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In the Westinghouse Company we do not let the welder grind any- 
thing on his test specimen, because that gives him an opportunity to 
hide bad work. The moment you allow him to grind the surface, he 
an chip and reweld at “A”, Fig. 1, producing very sound metal you 
cannot otherwise get in actual work. Therefore, such tests showing 
high figures are misleading. We enforce the rule that no grinding 
whatever is permissible on test specimens. 


We don’t allow him to put on any reinforcement whatever. The 
specimen must be perfectly flush on both sides and show whatever de- 


fects there are, and we grade it on the defects we find on the lower 
part. 


Mr. Owens: You weld with no reinforcement? 
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Mr. Kraus: 
we can expect. 


Mr. Owens: No, it doesn’t, because it is the practice to reinforce a 
weld to know what values are in here. This value is the true designed 
value of the section. Then the welder gives a value on which you 
base your designed value, and the reinforcement is added precaution. 


Mr. Kraus: We do not advocate reinforcement of welds. In plate 
work where conditions permit it, reinforcement is practical sometimes 
to develop the full value of the plate. However, I am thinking mostly 
about reinforcement of fillet welds which we do not advocate. With 
our fillet gage reinforcement involves an expense and does not prove 
of any value, because it just transfers the weakest section, which is 
at the throat to the horizontal leg, where the fusion is not as good as 
at the vertical leg. Our monthly test specimens show that most rein- 
forced welds break at the horizontal leg. 


Mr. Owens: In answer to that, I will say that the test specimens 
were ground for this reason. 


Mr. Kraus: A differentiation between the examination of the pure 
weld metal or the testing of the weld? 


Mr. Owens: Suppose fusion and/or the weld metal was defective in 
a welder’s test specimen which was reinforced on one or both sides, 
and that failure occurred in the base metal because of such reinforce- 
ment, would we be any wiser as to the welder’s ability to make a sound 
weld? Therefore, the only way that the efficiency or the proficiency 
of the welder can be obtained is to test his specimen with the reinforce- 
ment removed. In general, it isn’t necessary to have a bead or a rein- 
forcement on either side of the weld. However, in practice it is found 
desirable to, at least, slightly reinforce the weld so as to avoid de- 
pressions in the weld. If desired, backing strip can be used instead of 
a bead or reinforcement at the root of the weld. 


Mr. W. B. Miller (Union Carbide and Carbon Research Laboratories) : 
I think it would be well, Mr. Chairman, to mention the fact to those 
who have not read this reprint that this is a symposium for the benefit 
of the committee to revise Bulletin No. 1, Standard Tests for Welds. 
We welcome suggestions to help us come to a satisfactory conclusion 
as to revising Bulletin No. 1 to suit everybody. We should like all the 
discussion we can get to that effect. I have a few comments to make 
on the paper. 


No reinforcement. It represents the actual work that 


First, on page 85 Mr. Owens says, “The notching of a specimen, 
whether of ‘brittle’ or ‘ductile’ material, will give inaccurate results.” 
It has been shown that in notching a ductile material, the concentration 
of stress is relieved. His results just confirm that thing. 


As to this type of specimen, we have done quite a bit of work on re- 
duced sections and have had satisfactory results with an inch paralle! 
section, or say, 1% in. to 14% in. Usually that takes in just the weld 
metal at the reduced zone ending with about a 2-in. radius. The area 
between the fillets will include the zone affected by the welding heat, 
which has a higher yield point than the original plate. Around 99 per 
cent of the fractures will occur in the weld in the parailel section. 
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On Mr. Owens’ specimens I suppose that the measurements for the 
evaluation of the tensile test were taken at the throat or the narrowest 
section. That was perfectly all right if the break occurred through 
that section, but Mr. Owens’ photographs on page 86 show that the 
breaks occurred outside, in one case, and diagonally across it in an- 
other. The actual thickness where the fractures occurred was not 
the narrowest section. The result was that he really got a lower ten- 
sile strength than his figure denoted. 


Chairman Whittemore: How do you do it on ordinary tensile spec- 
imens? You look at the fracture— 


Mr. Miller: It doesn’t show that way on the photographs of frac- 
tures. They show a meandering fracture, none of them through the 
throat or narrow part. I am in favor of reducing sections and hope 
others will try out both types. It is on all this discussion that the com- 
mittee has to base what type of specimen it is going to recommend. 
We find the 1-in. to 1%4-in. parallel section satisfactory. It works 
well with ordinary plate, say 4% to 4 or % in. thick. With this spec- 
imen you can measure the thickness, if it breaks anywhere within the 
measured zone; whereas in the other section, if it breaks outside the 
narrowest width, which it can very well do, the location and strength 
will depend on the effect of the welding heat on the base metal. Sup- 
pose you used either a gas weld or electric weld with a large heat input. 
You would have different heat effects on the base metal and therefore 
would have a different ultimate strength and yield point in the imme- 
diately adjacent affected zones. 


I wish anyone who is willing to experiment with these different types 
of tensile specimens would also try out this inch parallel section which 
we have found to give good results. 


Mr. Chas. H. Jennings (Westinghouse Elec. & Mfg. Co.): In line with 
the reduced-section tensile specimen proposed by Mr. Owens, the writer 
would like to mention the type of tensile specimen that has been in use 
at the Westinghouse Research Laboratories for the last few years. A 
sketch of a %4-in. specimen is shown in Fig. 1. The features of this 
specimen are as follows: 


. The weld is located at a reduced section of the specimen, thus caus- 
ing the fracture to take place in the weld. 


2. The radii used in forming the reduced section are large and do not 
effect the results of the test. 


3. The sides of the specimen at the reduced section are parallel to each 
other for a distance of 1 in. 


. Holes are provided in the ends of the specimen which make it pos- 
sible to load the specimen by means of pins and thus eliminate as 
much as possible any secondary bending that may be caused by the 
loading grips. 


The straight portion at the reduced section makes the specimen suit- 
able for obtaining complete tensile data on a welded joint. Huggen- 
berger tensometers with two centimeter gage lengths are very suitable 
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for obtaining stress strain curves. The use of a small gage length 
makes it possible to obtain properties of the welded joint without the 
results being contaminated by the presence of an excessive amount of 
parent metal. 


The straight portion at the critical section makes the specimen suit- 
able for elongation measurements over a l-in. gage length if an elonga- 
tion value is desired. 
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BUTT WELD TENSILE TEST SPECIMEN, 


The specimen as shown in Fig. 1 is especially adapted for scientifi 
investigations of butt welded joints. If, however, the ultimate strength 
is the only property desired of the joint, it might be desirable to 
modify the specimen by changing the ratio of reduced section to 
maximum section and the method of gripping the specimen in the test- 
ing machine. It is highly desirable, however, to retain the 1-in. straight 
portion at the critical section. 


Mr. Owens: Any shape of specimen will have its limitations. Th: 
advantages of this one are, however, that it will show whether there is 
defective fusion or imperfect weld metal; it is easily ground; and lo 
calized nicks are avoided when grinding. 


Mr. Miller: We can make those inch parallel sections probably more 
quickly than you could grind out the others because we stack them up 
in four or five to a group, using a 2-in. radius spiral milling cutter, an 
1 in. of travel gives a very quick cut. 
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The idea is to have discussion and information to help the committee. 
That’s what we are after. 


Chairman Whittemore: We will call on Mr. Bussmann of the Stand- 
ard Steel & Wire Company. (Not present.) We have had quite a lit- 
tle discussion and I think it has been very interesting. Has anybody 
else anything to contribute? 


Mr. Miller: Mr. Chairman, I should have mentioned that the com- 
mittee has considered the Westinghouse contribution. We are con- 
sidering all types. I am sorry I didn’t mention it so you wouldn’t 
think we were slighting any contribution. 


Chairman Whittemore: If anyone has anything to offer on this to 
the Society or to the Committee on Standard Tests for Welds, we would 
appreciate it greatly. 


Mr. Lincoln: What is the relative tensile strength of steel pulled in 
the direction of rolling as compared to its tensile strength in a test 
piece cut at right angles to the direction of rolling? 


Mr. Owens: If I follow your analysis, of course I think that the metal 
should be analogous in both directions rolled. In general I think it 
would be near enough to take one specimen either one way or the other. 


Chairman Whittemore: There isn’t very much difference. There 
is no objection to taking the specimens longitudinally. You showed 
a transverse specimen without thinking much about it. 


Mr. Owens: I don’t know what you could do about it. I think you 
could do both. 


Discussion paper on “Bend Tests for Welds”+ by Mr. W. B. Miller. 


Chairman Whittemore: You see we are taking up these shop tests 
that are used for testing welders. I had an idea that this subject 
would not arouse much interest, but apparently you consider them im- 
portant and are working on the problems involved. 


There has been a great deal of discussion of this bend test. Some 
people say it is fine and some people say it is not. This symposium is 
an attempt to crystallize this discussion. Mr. Miller has presented an 
outline of the method. We should like to hear from anybody who has 
any experience with this bend test. 


Mr. Owens: It is true that the bend test shows whether the weld 
metal is ductile, but I am of the opinion that a tension specimen con- 
sisting entirely of weld metal is preferable for accurately determining 
the ductility of the weld metal deposited by a welding rod or electrode. 
The particular advantage of the bend test is that it indicates whether 
good fusion has been obtatined. It might be required in addition to a 
tension test specimen transverse to the joint. 


Mr. Miller: When we first brought this out and recommended it, it 
seemed to some that we were trying to displace the tensile test. It 
hasn’t been represented that the bend test ductility is the same as 
tensile ductility. They are two different values and there is no ten- 


{TPaper published in the October, 1930, issue Journal of the A. W. S. 
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dency to show that the per cent elongation obtained in the bend test 
is the same, or greater or less than that obtained in tensile tests of the 
same material. 


Chairman Whittemore: I think that is quite evident, and answers 
your objection about not being able to get ductility satisfactorily from 
the tensile test. 


Mr. H. F. Moore: I wish to raise the question of the significance 
of the results of our common tests for ductility—elongation, reduction 
of area, bend tests of various kinds. If material for drawing or stamp- 
ing work is being tested then a high degree of stretchability under a 
single load before a crack occurs is obviously a valuable quality. For 
steel to be used in a structure an extension of the order of 10 per cent 
would mean the wrecking of the structure, but a ductility of a few per 
cent under loads repeated, say, a hundred times is extremely impor- 
tant, since such a degree of ductility allows a readjustment and evening 
up of stress throughout the member. It is quite probable that the 
actual localized stresses in an actual structural member are quite high, 
well above the yield point of the metal, involving localized stretches 
of perhaps 42 of i per cent, and thus allowing a readjustment and 
“evening up” of stress distribution. Do any of the ordinary tests for 
ductility tell us what we want to know about metal to go into a struc- 
ture? Or would some test which insured the ability of the metal to 
stand a moderate number of repetitions of a much smaller stretch be 
better? I do not know the answers to these questions, but I believe 
they are worth considering. 


Mr. Miller: One of the reasons for ductility is that in ductile mate- 
rial a break is not as violent as in brittle material. That would hark 
back to the work done in breaking specimens. I should think ductility 
would be very essential because the work done in breaking any piece 
of steel is the load times the distance of the travel through. If it has 
no ductility it doesn’t travel through any distance \n a violent break. 
Ductility, I should say, is just as essential in a welded joint as in all 
these shapes and plates for which the A. 8S. T. M. has a bend specifica- 
tion, and what we are advocating is a more rational method of evaluat- 
ing it in terms which are comparable. 


Chairman Whittemore: I am quite sure that nobody here will admit 
that any weld has less than 5 per cent, and according to Professor 
Moore, they are all right. 


Mr. Kinzel: Professor Moore started something. Mr. Miller told you 
some of the reasons for ductility. There are a few more, one more, any- 
way. Many of you have seen tests to destruction of pressure vessels, the 
hydrostatic test. I happen to think of one right now that I happened 
to witness. I was almost hit by it. The material which in the tensile 
test had 30 per cent elongation broke with very little elongation. Ap- 
parently, it was not a fatigue failure nor anything like it. It was not 
a notch effect. We have investigated that phase of it pretty carefully. 
Why did it break short? Because, as I see it, the ductility in a 
single dimension and the ductility in a three-dimension stretch, such 
as on the radius of a boiler, are two very different things. Other 
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things being equal, we find that the greater the ductility in the single 
dimensional stress the greater in the three dimensional. But other 
things are usually factors. You have to know a lot more about your 
material. 


The bend test (and this is partly in answer to what Mr. Owens 
brought out) as we have specified it, is testing the material in two-di- 
mensional stress at the surface. You don’t get failure at the specimen 
edge. You are testing that material in one more dimension. That is 
another reason why it differs from the ordinary tensile ductility and 
why in our estimation it is equally valuable. It is just another thing 
for a practical consideration. When you are testing the piece in the 
bend, suppose there should be a minute defect in the weld. In a rea- 
sonably ductile material that opens up just a trace at the surface, and 
the rest of the test is off because the stress decreases as you come down 
from the surface to the neutral axis. But the test has not been com- 
pletely vitiated. It has been affected but not completely vitiated by 
this tiny surface defect. However, in a straight tensile test, if there 
is a small defect, there is no tendency to relieve the stress or get to 
an area of lower stress concentration by opening, and you go right to 
failure with zero elongation. It might not be zero but it will be very, 
very small and it completely vitiates the test. 


While it might be perfectly possible to allow a certain number of 
tests in a series to be thrown out, when you are testing in this way, 
because such minute things probably would never bother in service, 
even under extraordinary fatigue conditions, it seems to me that as 
a practical test the bend test has very great advantages. 

Mr. Owens: Relative to the point raised by Professor Moore about 
the value of ductility, you will note that in the test given on page 86 
that the value was only 10 to 12 per cent, even though the average 
ultimate strength was 70,050 lb. I know from other tests that this par- 
ticular weld metal is tough and will resist shock even though the elon- 
gation was not of the order of 25 to 30 per cent, which has been gener- 
ally considered desirable. It might be that further tests of welds 
made by the various processes will indicate that it might be necessary 
to revise our opinions as to what constitutes ductility in weld metal. 


Mr. Miller: The committee is not interested in what kind of metal 


we should have in the weld. It is interested in how we should evaluate 
a bend test. 


Chairman Whittemore: The committee may not decide upon any 
standard bend test. If a bend test is to be included the committee 
would like to have suggestions as to how this test should be made. 

Mr. H. F. Moore: I agree with Mr. Kinzel’s statement emphasizing 
the importance of ductility. It is not infrequently the case that for 
structural and machine parts ductility is fully as important as strength. 
The question which puzzles me is this: “Do our ordinary ductility 
tests, tests which require a large degree of distortion without cracking 
under a single load, do these tests tell us what we want to know about 
the serviceability of steel in structures, and for that matter in welds?” 
Or would some test involving less distortion and involving several 
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repetitions of load (this would not be a fatigue test involving thou- 
sands of loadings) serve better to tell us the serviceability of th« 
metal? As Mr. Kinzel states, the present-day ductility tests—elongation 
reduction of area, cold-bend tests—are of ancient and honorable stand- 
ing. But may I point out that the mere age of a standard is no 
guarantee that it is a serviceable standard, for example, for man) 
years it was good medical practice to regard the tomato as a poisonous 
plant, but that long-established practice did not keep us from chang- 
ing our views on tomatoes as new evidence came to light. 


Mr. Chas. H. Jennings: Weld ductility is of prime importance in 
welded construction from two standpoints; first, in the process of mak- 
ing certain semi-rigid, rigid and fixed joints a ductile weld deposit is 
essential in order that the joint may be completed without the weld 
cracking and that the residual stresses be held to a minimum. Second, 
in a completed joint, it is essential that the deposited weld metal be 
ductile in order that it can yield and relieve excessive local stresses 
which may be present due to inherent design features. 


The bend test proposed by Mr. Miller is a method for evaluating the 
ductility of a completed joint. 


The ductility that is essential during the preparation of a joint, how- 
ever, is a‘composite quantity consisting of the ductility of the deposited 
metal at both elevated and normal temperatures and can not be eval- 
uated by a bend test. It might be advisable, therefore, while consid- 
ering ductility tests to also include a test to cover this phase of the 
question. 


Chairman Whittemore: I can’t say that I agree with that. If it is 
satisfactory when it is put in, the rest is a production problem. Wil! 
anyone amplify that in the discussion for the benefit of the committee? 
The committee really wants to get all the information there is avail- 
able. 


Mr. Owens: Referring to the idea mentioned by Mr. Jennings, 4 
section 8 in. long was V’d out in the center of 1-in. plates approximate- 
ly 3 ft. square. The V was welded with various types of electrodes. 
The technic, which included layer deposition and peening, was varied, 
some of the welds reinforced, and others un-reinforced. Longitudinal! 
and transverse strain gage readings were also taken. 


After plates had thoroughly cooled, the welds were given a hamme! 
blow and thermal tests to determine their resistance to residual! 
stresses and shock. For your information, I might say that some ot! 
the welds cracked, even though reinforced and regardless of the tech- 
nic employed; while in others, failure could not be induced, regard 
less of the test or severity of the hammer blow test. This type 0! 
fundamental test can be used to verify the ductility of weld metal ob 
tained with an electrode or gas welding rod. It is also a test of th« 
welder, but is too expensive a test to be used as a general test 0! 
welders. 


Chairman Whittemore: Do you suggest that we standardize it? 
Mr. Owens: I suggest we standardize it? 





, 
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Chairman Whittemore: These tests are of no use unless different 
people in different parts of the world can make the tests and obtain 
very nearly the same results. 


Mr. J. J. Crowe: There is just one point that I should like to make 
in reference to the bend test, and that is to write in the specifications 
information as to just what constitutes a failure. Mr. Kinzel pointed 
out that we get these small or minute failures, sometimes they are a 
little bit bigger and sometimes they are still larger. Just what are 
you going to consider your point of failure or the point where you are 
going to stop the bend? 


Chairman Whittemore: There certainly should be something like 
that. It should be done. 


Mr. J. C. Lincoln: It happens that we have done a good deal of 
work on the ductility of weld metal. We think that ductility of the 
weld metal is very important. I think the art is growing toward great- 
er ductility. Advances have been made in the last few years. We 
have succeeded in getting ductility better than that obtained with bare 
wire. It happens that the tests we have made, hundreds of them, have 
been all bend tests. Of course our tests have been quite crude. We 
believe that if we can take a piece of metal and weld it and bend it 
double we have a better weld than when we can’t bend it double. That 
is about as far as we have gone. 


I can say this: It has taken a good many years to get to where we 
could bend five degrees, and there has been a big advance from the time 
we could begin to bend it before it broke until we could bend it double. 
We think pretty well of the bend test because we have used it for many 
hundreds of tests and we have gotten results from it. We are get- 
ting better weld metal. 


M. A. S. Wall (Dominion Bridge Company, Ltd.): I haven't very 
much to say except that it rather seems to me that this will increase 
the amount of testing we have to do in fabricating shops. It isn’t 
the easiest thing in the world to get as many tests as we want run. 
A very appreciable amount of expensive labor and time has to be used 
for them, and I should like to hear of something that would mean the 
simplification of tests, something that could be done quicker and easier. 


Mr. Owens: I do not think so. I think this actually simplifies your 
testing procedure, for after a thorough analysis of the filler metal, it 
will be only necessary to make simple tests, for example, bend and ten- 
sion, to determine the value of the weld. That is why I said in my 
paper that it was necessary to classify the various kinds of tests for 
it is first necessary to have complete information on the process, includ- 
ing the weld metal obtained with the process, prior to its use in the 
making of joints in production. 


Chairman Whittemore: Mr. Wall says the vice-president of his com- 
pany objects to the cost of making the tests. You are proposing that he 
make more and he doesn’t know how he is going to get away with it. 
They have to be paid for. At least the ones they are making in their 
shops they have to pay for. 
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Discussion paper on “Shear Tests for Welds”’+ by Mr. Andrew Vogel, 
General Electric Co. 


Chairman Whittemore: Mr. Vogel is unable to be here and M): 
R. W. Clark of the General Electric Co. will present the paper. 


Mr. Clark read the paper of Mr. Vogel. 


Chairman Whittemore: We are certainly very much obliged to Mr. 
Vogel and to Mr. Clark for presenting this paper. 


This is rather a new suggestion, having a bar type specimen, shown 
here in the reprint on page 74. Do I understand that Mr. Vogel in 
any way recommends this for a quality test of weld or as a genera! 
quality factor, and whether the process is to be used for making butt 
welds or not? 


Mr. Clark. No. 
Chairman Whittemore: Only for shear welds? 


Mr. R. W. Clark (General Electric Company): For shear welds, par- 
ticularly in structures, I have one suggestion for a preliminary test 
in qualifying welders for structural steel welding. It consists of two 
small plates about 4% in. thick, lap welded together on one edge with 
about a 14-in. fillet weld. The plates are then wedged apart for in 
spection of the weld for proper fusion, penetration and porosity. This 
specimen has been used by the Structural Stee] Committee of the 
American Welding Society as a preliminary test in qualifying welders. 
We also have used this test extensively in our own plants in qualifying 
welders and have found it to be very instructive to the welders be- 
cause it is broken open and inspected in their presence, giving them a 
chance to see how different conditions affect the inside of a weld. An 
inexpensive preliminary test also saves considerable money and time 
when given before allowing a welder to weld specimens which require 
expensive machining before laboratory testing. 


Vice-President McKibben: Mr. Chairman and Gentlemen: On page 
74 of the reprint Fig. 9 shows a strap specimen, and before the com- 
mittee adopts it finally I wish they would consider the following points: 
The diagram shows four *-in. fillet welds 112 in. long, but a tolerance 
of 1% in. is permitted in the calculation of the average stress along the 
fillet. If the crater be the normal size in such a fillet it will be near!) 
14 in. long, and if the crater is to be included in the 1'4-in. fillet, the 
size of the crater very materially affects the results of the tests. It 
has been my practice in qualification tests of welders to insist that 
each man shall fill up the crater, and then we have a fair and uniform 
basis for comparison between various welders. If this be not done, one 
welder has 1% in., including a crater, and another has 1% in. with 
the crater filled. One welder might be penalized by reduction and 
the other welder accepted, when as a matter of fact both may be of 
equal ability. I think the committee ought to give a little more atten- 
tion to this detail. Again, I hope the committee will consider, if they 
haven’t already done so, that there are two other methods to determine 


*Paper published in the October, 1930, issue Journal of the A. W. 8 
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the strength of fillets for qualifying welders. Perhaps a compression 
test with fillets in longitudinal shear might be superior to this tension 
test for practical considerations. 

Again, it may be desirable in qualifying welders to use a compres- 
sion test with fillets in transverse instead of longitudinal shear. The 
welder is required to make a fillet of a certain length and the length of 
the fillet in calculating the average stress is more determinable. I 
hope the committee will consider these points. 


Mr. W. B. Miller: Professor McKibben was speaking about the quali- 
fications for welders. I am glad he recommended that the committee 
consider his suggestion. I think the paper of Mr. Male and Mr. Weis- 
konof of yesterday showed that at the end of a side weld, as they would 
call these, there is a stress concentration, which is all the more reason 
for filling up those craters. In fact, it should be done in practical work. 
There is all the reason in the world, from experimental evidence pro- 
duced yesterday, that craters should be filled up. 

On the compression test, didn’t Mr. Vogel’s work show that the com- 
pression shear was 1.3 times the tension shear? 


Vice-President McKibben: Larger, yes. 


Mr. Miller: I ran across an article recently that was presented to the 
French Academy by a man named Rosenthal, and he evidently got his 
cue from Mr. Vogel’s article, which was mentioned. He made tests and 
showed a diagram in which he indicated that the compression shear 
was the same as the tension. By undercutting the inner member he 
showed that the difference was due to friction or due to expansion of 
the specimen under compression. Instead of getting 1.3 he got a 1.04 
ratio between compression and tensile. If he had carried the under- 
cutting further, he would probably have gotten even closer. From this 
the committee could probably say that for figuring compression the 
same values should be taken as for tension. 
no difference. 


Vice-President McKibben: Mr. Chairman, 
tests are made for two purposes. 


Those tests show there is 


we mustn’t forget that 
One is to ascertain the strength and 
action of welds for purposes of design; the other is to qualify welders. 
These are two entirely different matters. I am wondering to just what 
extent the contraction of the fillet in cooling affects the strength of 
the fillet. So far as I know this French test is the only one to throw 
iny light on this question. The contraction of rivets in a riveted joint 
iffects the strength of the joint. 

i less extent, in fillet welds. 


Mr. Exley (General Electric Co.): I should like to make a sugges- 
tion in reference to a combination test for ductility and tension. Most 
f the tests which have been discussed covered only one kind of stress. 
ther tension or some form of ductile deformation by bending. The 
ensile stress, of course, is P over A, while the bending stress is MC 
ver I. It seems to me that a combination test specimen covering 
ending and direct stresses would very largely take care of a test for 
‘ructural purposes. We have made some tests along this line. I will 
how the type of specimen which we have used. 


I think the same thing is going on, to 
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What we are all trying to do is to find a test which will be repre- 
sentative of actual service conditions, that is, one involving the ductile 
qualities of the metal such as eccentricities in the connections pro- 
ducing bending which is to be found in structural work. 


In order to get a test representative of that condition the specimen 
adopted had an eccentricity of % in. off center; otherwise it was the 
same as a standard specimen for plates. 


The first one tested was a plain unwelded specimen of the base 
metal. The results were that it compared fairly well with the straight 
specimen of the base metal. In the second test we used an ordinary) 
butt weld finished flush. The test showed very little elongation due 
to the bending distortion in the weld. By later tests, reinforcing a 
small amount this way, we were able to increase the resistance at this 
point and concentrate the stress in the more ductile base metal, making 
the weld safe for that particular application. 


These tests have been written up and will be published in an early 
issue of the General Electric Review. We shall be glad to submit a 
copy to any here who may care to have one. 


Chairman Whittemore: Then you will get one value and that value 
would include both the strength and ductility? 


Mr. Exley: Yes. 
Mr. J. J. Crowe: Would you have the holes in the end to pull by’ 
Mr. Exley: We used jaw grips in the test described. 


Chairman Whittemore: It seems rather evident that the shear test 
that was proposed would be rather a cheap way to qualify welders. 
Now here is another specimen that should be considered carefully. 


Mr. Exley: This would be the stress-strain curve, we will say, for 
the plain specimen. For the welded specimen, it would probably go a 
little higher and look something like that, showing a great reduction 
in the energy of rupture. After it had been reinforced it compares 
fairly well with that for the plain plate, showing that it has very sim- 
ilar qualities throughout the full cycle of test. 

Chairman Whittemore: Then you have more than one property. You 
have yield point and you have elongation. 


Mr. Exley: We got them all. The curve shows all of the properties 


Chairman Whittemore: You get them all from the straight specimen 
and these that are offset. 


Mr. L. J. Larson (A. O. Smith Corp.): How do you account for the 
restrained effect at the ends of the specimen? 


Mr. Exley: Both the plain specimen and the welded specimen wer 
tested under the same conditions, making the results in this respect at 
least comparable. However, the end restraint should be taken into 
account when the stresses are to be determined by formula. The tests 
described were for classification purposes only. 


Chairman Whittemore: Will you write the full details of your spec- 


imen to add to this discussion. 
Mr. Exley: Yes. 
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SPECIMEN FOR A RATIONAL DUCTILITY TEST OF WELD METAL 


By G. R. Exley, Switchgear Engineering Department, 
General Electric Company 


It is difficult to determine what is a satisfactory amount of ductility 
in a structural weld, since the conditions in service vary so widely 
and the irregularities of assembly in a welded structure sometimes in- 
troduce important secondary stresses. It is not reasonable to take the 
ductility as determined by an extreme bending test as a basis, since 
welded parts are not subjected to such stresses in service. Such ma- 
terials as rolled steel plates and rivets are subjected to severe bending 
stresses or deformations in the course of shaping to final dimensions. 
Welded joints, however, are only made after the material is in its final 
position, and are, therefore, only subjected to the primary and sec- 
ondary stresses developed in actual service. 


The problem is, therefore, to determine whether the weld material 
has sufficient ductility to withstand the service stresses, particularly 
the bending developed as a result of inexact alignment of welded mem- 
bers or unsymmetrical welded joints. 


To evaluate the effects of these secondary stresses in a definite way, 
the eccentric specimens shown in Fig. 8 of the paper have been intro- 
duced.’ They are made by joining two simple plates at a small angle, 
so that the direct tension on the specimen results in a bending stress 
which is maximum at the weld. In this particular case, the A. 8. T. M. 
plate specimens 8 in. in gage length were used, with 4-in. offset at 
the center of the specimen. The magnitude of the bending stress at 
the weld will depend upon the amount of the offset. 


In the discussion which is to follow, we shall consider the tensile 
stréss as the primary stress, and the bending stresses as the secondary. 
By relating the offset to the severity of the secondary stresses likely 
to-be found in practice, the conditions of test may be made to ap- 
proximate service conditions. 


When yielding is initiated by a combined stress condition, and the 
secondary stress must be alleviated by ductile yielding, the extent of 
the yielding will depend upon the ratio, R, of the secondary (bend- 
ing) stress to the primary (direct) stress at the elastic limit of the 
material. The higher this ratio, the greater will be the yield. At this 
ratio, R, can be predetermined the whole problem of ductility can be 
put upon a rational basis. 


The formula for the maximum combined fiber stress at the center 
of the specimen, in the case of free ends, or when the end restraint 
is considered negligible, is as follows: 


P Pe 
f =f, -+-'f, : = 
| : | ! + * (1) 
in which 
f 3 Combined stress intensity. 


,' Classification and Physical Tests for Various Types of Welded Plate Joints, by 
+. R. Exley, Journal A. W. S., December, 1930. 
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f, = Primary (direct) stress intensity. 

f, — Secondary (bending) stress intensity. 

P = Normal direct pull. 

e = Eccentricity of specimen with axis of P. 
S =—Section modulus. 

A = Cross-sectional area of specimen. 


For rectangular specimens, at the inner edge of the specimen 
formula (1) becomes: 
P P 6e 


ee ee 


in which b is the width of the specimen. From (2) it is seen that 


is the ratio, R, of secondary to primary stress, or 


(3) 
If the ratio R is given, the eccentricity, e, may be determined 
from (3), 
Rb 
= (4) 
e 6 


When the ends of the specimen are subject to end restraint a factor, 
K, depending upon the amount of restraint involved must be inserted 
in the right hand members of equations (1), (2), (3) and (4), in which 
case formula (4) becomes 


e=— ——:- K (5) 
6 
No account has been taken of the shortening of the bending moment 


arm, e, due to elastic deflection, as this shortening is small compared 
with the eccentricity. 


When f, does not exceed f, the character (tension) of the resultant 
stress, f, will be the same over the entire section. 


As the force is increased, in testing the specimen, ductile yielding 
sets in at the point of maximum fiber stress and this yielding relieves 
the secondary stress. After the relief of secondary stress the primary 
stress (now direct tensile stress) increases until the specimen is 
ruptured. Stress-strain curves are taken for the whole test and the 
following are noted: 

1. Yield point. 
2. Ultimate strength. 
3. Energy of rupture. 


By comparing the curves taken for a welded and a plain plate 
specimen of the same dimensions, the quality of the welded joint ma) 
be determined with reference to the above properties. 


It should be borne in mind when using this type of specimen that 
a true comparison of the weld metal with the base metal can onl) 
be made when both specimens are of uniform section, or say, when 
the welded specimen is finished flush. 
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In reinforced joints there are concentrations of stress due to the 
abrupt change in section, and ultimate rupture may occur outside the 
weld. However, such joints may still be compared from the stand- 
point of efficiency by the use of the proposed test specimen. 


The special eccentric type of specimen described was developed in 
connection with a series of classification tests for various types of 
welded plate joints.. As the secondary stress characteristics of the 
various joints were too complicated for analysis it was felt that a 
specimen of similar dimensions having a definite secondary stress 
characteristic would be a valuable asset in comparing the curves for 
the various types of joints. 

In conclusion it may be said that the specimen here proposed for 
the determination of ductility of welded joints has the advantage of 
providing a definite test involving the ductile yielding of the metal. 
Engineering judgment and welding experience must be relied upon 
to provide estimates of secondary stresses, but when these are esti- 


mated a specimen may be made to represent definitely these expected 
conditions. 


APPENDIX 
Test Data 


The specimens used in connection with this work,’ were as follows: 
PE—1 and 2 
WE—1, 2 and 3 Finished butt weld 
WE—4 10% reinforced butt weld 
Wms ccc ok fobs cs hvawe etinanene 20% reinforced butt weld 


The results for PE —1 and 2 are: 


Plain plate 


PE—1 PE—2 

Ultimate strength in lb. ............. 60,000 60,000 

YIG0S SI Oe PEG Win s6's5 Senco be dew ede 33,400 33,400 

Energy of rupture in ft. Ib.. 3,000 2,330 

The efficiency of WE —1, 2 and 3 based on the results of PE & 1 are: 

ee WE—1 WE—2 WE—3 
Ultimate strength T5% 71% 
Yield point 100% 100% 
Energy of rupture 3% 12% 8% 


Showing average losses of 25 per cent in ultimate strength and 89 
per cent in energy of rupture. 


The efficiency of the reinforced butt welded specimens WE — 4 
and 5 based on the results of PE—1 show a decided improvement 
due to the added reinforcement: 

a: WE—4 WE—5 
Ultimate strength 110% 110% 
Yield point 112% 112% 
Energy of rupture 70% 103% 


As these specimens were intended for comparative purposes only 
an arbitrary value of % inch eccentricity was used for all of the 
specimen which were restrained at the ends by the action of the jaw 
grips used for holding the specimens. 
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In connection with the classification tests referred to it is of co: 
siderable interest to note the minimum, maximum and average valu 
of the three properties previously mentioned as they compare wit 
those obtained for PE— 1 and 2 and for P —1 a plain straight speci 
men of similar dimensions. 


EFFICIENCY RATING OF 26 SPECIMENS BASED ON PE—1 AND 2 
Max. Averag 
Ultimate strength ( 116% 91% 
Yield point he 145% 109% 
Energy of rupture 113% 68% 


EFFICIENCY RATING OF 26 SPECIMENS BASED ON P—1 


Max. Average 
Ultimate strength Ke 124% 101% 
Yield point Y 137% 10144: 
Energy of rupture 80% 46%" 
Out of the 26 specimens tested, 3 ruptured at stresses slightl) 
above the yield point. Assuming these three specimens would bx 
disqualified on this account, the remaining 23 specimens compared 
with PE —1 and 2 have the following ratings: 


EFFICIENCY RATING OF 23 SPECIMENS BASED ON PE—1 AND 2 


Min. Max. Averag 
Ultimate strength 88% 124% 10044 ° 
Yield point 108% 136% 111 


Energy of rupture 43% 112% 


) 


Comparing the minimum ultimate strength and yield point obtained 
for 23 specimens, PE — 1 and 2 and WE — 4 and 5 with the allowab| 
unit working stress of 18,000 lb. per sq. in. for the base metal, th: 
following safety factors are obtained: 


WE—48c5 PE—18c2 23 Specimens 
Ultimate strength 3.33 3.03 
Yield point ’ 1.86 2.12 


Comparing the energy of rupture for the three cases with that 
obtained for a plain straight specimen, the following efficiency ratings 
are obtained: 

WE—485 PE—18c2 23 Specimens 
Efficiency rating 70% 52% 

These final comparisons show a rather close agreement between a 
series of typical joints such as are to be found in actual practice and 
specific types of welded and unwelded specimens intended to evaluate 
welded metal under similar conditions. 


The above results which have been taken from a series of classifica- 
tion tests are given here because of the three properties mentioned in 
connection with the specimen suggested as a standard ductility test 
specimen. 


Mr. Llewellyn: Mr. Chairman, I really hesitate to speak on the sub- 
ject because I don’t know anything about it, never having had expe 
ence in laboratory practice. Of course, everybody knows what “drop 
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of the beam” means. It means you have to make your structure so 
strong that your beam won’t drop. (Laughter.) 


One feature in all these sub-topics that I think should be put in 
the foreground is not only how should the various tests be made, but 
what is their purpose. 


As I take it, the function of this committee is not research; it is not 
to reflect any doubtful results of recent research. It is rather to 
crystallize established results and put them in the simplest form 
suitable to the purpose. 


Last evening, by invitation, I was present at a meeting of another 
major committee of the American Welding Society, the committee that 
is engaged in drawing up specifications for the qualification of weld- 
ers. They have pretty near come to definite conclusions, and in those 
conclusions I noticed that certain tests were to be made, but the form 
of specimen had to be left blank awaiting the recommendation of the 
committee on standard tests for welds. In a word, they are waiting 
for you right now to say just what the form of the specimen should be. 


I am going to venture a comment on one or two of the suggestions 
made. The one suggested by Mr. Exler seems to me very admirable 
in theory. I do not think it would work so well in practice for the 
very reason that has been adduced in its favor, namely, that it in- 
volves too many variables. A very slight difference in the amount 
of eccentricity will affect the results very much more than the angle 
of difference. The increase is very, very rapid. 


It seems to me the committee should concentrate on the simplest 
possible tension specimen that will serve the purpose, and, as I take 
it, that purpose is not to cover the requirements of special industries 
but to cover general requirements that are not otherwise covered. 
Therefore, it should be as simple and as inexpensive as possible. 


Whether or not the results shown by the test are an accurate re- 
flection of true tension, I don’t care, and I don’t think you care. If 
the results show a strength that is less than that of the well, good, it 
doesn’t much matter. 


This is not a committee on high research, so I think the test should 
e as simple as possible, and as far as possible should follow the lines 
{ established practice. I am not prepared to intimate whether or 
not the parallel sided test specimen now called for by the A. S. T. M., 
s suitable. If it is pretty near suitable, I would urge that this com- 
mittee adopt it; if it is not pretty near suitable, why, of course, that 

another matter. 


Similarly with the bend test. I don’t think it matters much whether 
e bend test reflects the same measure of ductility that might be 
ought out in a more accurate test. If it is useful for comparative 
irposes I think it would serve every purpose. 


There are two things that I would urge, namely, first, consider in 
nnection with every test how it is going to be used. What is its 
irpose? Secondly, make it as simple as possible rather than along 
e lines of some unestablished even though promising new research. 
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Knowing nothing about the subject and therefore being thorough!) 
well qualified to speak on it, | am going to qualify as Thomas Carlyle 
did. You know he said that the greatest writer was the man who 
wrote nothing, and he proved it in forty-nine volumes. I am going 
to lay claim to highest oratory by now remaining heroically silent. 
(Laughter and applause.) 


Chairman Whittemore: I think that is a pretty good summary of 
the things we ought to consider. 


Mr. Owens: It is my understanding that the program of the com- 
mittee involves the standardization of tests and test specimens for 
qualifying welders; comparing filler metal; comparing processes, etc. 


Chairman Whittemore: It is perfectly true, as Mr. Llewellyn pointed 
out, people make tests for different reasons. There should be a state- 
ment at the beginning of each description of a test indicating what 
information should be expected from the test. 


Mr. Owens: My viewpoint is that the committee has to consider the 
various uses to which the specimens will be put, and that neither the 
tests nor test specimens can be restricted to the testing of welders. In 
view of this, I differ with Mr. Llewellyn. 


Professor McKibben’s suggestion of a compression specimen for 
testing fillet welds in shear appears a good one. However, if the 
fillet weld is placed so that it is in normal shear, failure will occur 
along the fusion plane, whereas if it is placed so that it is in parallel 
shear or in the direction of stress, failure will occur through the 
throat. I tried to use the shear specimen suggested by the committee 
and found that it is not only expensive but that its width at its ends 
had to be reduced from 3 to 2'% in. in order to permit insertion in the 


- 


jaws of our tension testing machine. 


Vice-President McKibben: Mr. Chairman, I am not advocating the 
entire elimination of the old tension strap test but I do think the 
committee ought to consider the matter of testing these under com- 
pression. 


Mr. Bibber: I am certainly pleased to hear Professor McKibben say 
that the plane of failure was through the throat. Mathematically, it 
appeared that such would be the case and a series of experiments was 
outlined to demonstrate this point. We had a series of specimens 
made up, ranging from 1/16 in. to 1% in. in size. We tested them 
in compression and hopefully watched for them to fail at the throat, 
but they did not do so. They ruptured along the parallel leg S’V’ as 
is shown in figure (1). Everyone tried to fail through the throat S’H” 
and one actually did rupture at an angle of about 30 deg. The failure 
to follow the theory, however, was not the fault of the theory, it was 
due to the fact that you cannot duplicate the theoretical conditions in 
a testing machine. 


From figure (1) it can be seen that the force “P” is balanced by the 


other two forces5 but that the couple. m8 is not balanced, and the 


only thing that can balance it is the bending in the weld. The speti- 
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mens soon take the shape as shown by the dotted lines and failure is 


a progressive tearing off of the side members, that is, ultimate failure 
is due to combined tension and shear. This is further supported by 
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the fact that the average stress at failure was about 30,000 pounds per 
square inch, whereas, the shearing value of the corresponding weld- 
ing, determined from torsion experiments, was in the neighborhood 
f 47,000 pounds per square inch. 


Mr. Bibber: The length of specimen has an influence on the ten- 
lency of specimen to spread and the friction of the specimen on the 
‘ttom platen also influences the result and the presence of a flaw at 
ne root of a weld would be much more harmful than would be the 
ise with a straight tension test. The first two factors have no bear- 
g on a tension test, and the presence of a flaw in such a test would 
nerély reduce the average value slightly. Furthermore, on the grounds 


{ simplicity, it would seem that the tension test is the easiest method 
[ testing. 
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In connection with the parallel shear weld, if we are striving for 
simplicity, why go to the parallel shear weld which has one of the 
most complicated stress conditions of anything we know about in en- 
gineering? You have only to glance at the mathematics of Mr. Weis- 
kopf and Mr. Male to see how complicated the situation is. Why not 
use pure simple tension, which is easy to deal with? 


Chairman Whittemore: Do you mean butt welds? 


Mr. Bibber: I mean butt welds; in other words, the simplest test 
we can work with. 


Chairman Whittemore: These are just the things the committee 
needs to arrive at any conclusion at all. 


One man wants to know why you can’t fasten them so they can’t 
fly out. 


Mr. Bibber: By welding a solid bar into a ring, such as a flange, 
you can constrain the bar to move in a straight line and up to the 
point of failure of the weld by compression, the stresses obey the 
theoretical laws exactly. When the elastic limit of the weld meta! 
in compression has been exceeded, crushing occurs along the throat 
of the weld and greater bearing area is brought into play until the 
condition is reached where the bearing value of the throat exceeds 
the value of the parallel leg and the failure is completed by shearing 
along that leg. Such a test would yield comparative values, but would 
give little information as to the absolute stresses involved. Also the 
only way that pure shear stress can be obtained is by torsion. Under 
the condition just described the shear is contaminated by bending, 
and it is preferable not to deal with compound stresses. 


Vice-President McKibben: It is true the distortion of those com- 
pression tests exceeds that of tension tests. The two outside plates 
assume a very curved shape before the specimen gives way. It may 
be that the stresses are so complicated that to change from the tension 
to compression test would be inadvisable. However, I want the com- 
mittee to consider it from the other practical point of view of quali- 
fying welders. 

Mr. W. B. Miller: We have no new Bulletin. The original Bulletin 
is still in force until it is revised, and in it there are three standards, 
shop, commercial, and research. These may be continued. If it is just 
a shop test, there will be a certain specimen which will cover Mr. 
Llewellyn’s recommendations. If it is research, we can have more of 
these elaborately prepared specimens which have been discussed. 


Chairman Whittemore: You are right about that. 


Well, if there is no more discussion on this we will take up the lIast 
paper. It is about twenty minutes past five, but we will have another 
three-quarters of an hour or so. 


Discussion paper “Fatigue and Impact Tests for Welds,”’+ by Mr. ©. 
H. Jennings. 


Chairman Whittemore: I certainly take off my hat to the commer- 


+Paper published in the September, 1930, issue Journal of the A. W. 8. 
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cial organization that will report a product which has such: low en- 
durance limits. I should think they would be afraid to publish the 
data. Discussion of such data leads to the development of methods of 
obtaining welds having better properties, and is of great value 
to the welding industry. 


Mr. Owens: The data submitted in the author’s paper is of value. 
However, like that submitted this morning by Mr. Burton they might be 
misleading if it is not clearly pointed out that the values are for weld 
metal obtained with bare electrodes or filler metal having a high nitro- 
gen and oxygen content. As I recently conducted a very thorough 
investigation of the pressure vessel industry, I was able to obtain 
information on welds made with several covered electrodes and srecial 
gas welding rods wherein ductility, fatigue, impact and other values 
closely approached or were better than that of the base metal. In 
view of this, please do not conclude that all weld metal has the low 
impact and fatigue values given by Mr. Jennings. (Applause.) 


Chairman Whittemore: I think it ought to be pointed out that Mr. 
Jennings said he was talking about test methods, giving you some 
results of his own experiments. He said they were only tentative. 


L. J. Larson (A. O. Smith Corp.): I should like to ask one ques- 
tion. If I understood Mr. Jennings correctly, the large specimens were 
made by welding together the 45 deg. conical ends of two round bars 
and the small specimens were cut out of a plate welded flat. Welding 
in a groove around a conical point is much more difficult than welding 
in the flat. It is probable, therefore, that the welds used for the large 
specimens were not of the same quality as those used for the small 
specimens. To get a real comparison between welded specimens of 
various sizes all the specimens should be cut from welds in plates 
f the same thickness. It is not safe to assume that a weld in a thin 
plate has the same properties as a weld in a heavy plate. For this 
purpose the stock selected must be thick enough to make the largest 
pecimens and the small specimens must be taken from various loca- 
tions from the center to the surface of the weld. The average results 
/btained on the small specimens can then be compared with the results 
ff the large specimens. 


Mr. Chas. H. Jennings (Westinghouse Elec. & Mfg. Co.): There is 
ndoubtedly an added variable introduced in the 214-in. diameter test 
pecimen by preparing the blanks from round bars with cone-shaped 
nds rather than preparing them from plates with the corresponding 
ectangular-shaped ends. This added variable does not seem to affect 
e results, however, because tests have been made on specimens pre- 
ared from plates, and the results obtained were in good agreement 
ith the results obtained from the specimens prepared from round bars. 


It is important to strongly emphasize the following point in regard 
the impact values obtained for arc welds made with bare low-carbon 
ectrodes. The fact that the impact values obtained are low does not 
nply that such welds are unsatisfactory for use on structures subject 
shock. As mentioned in the paper, the suitability of a structure to 


thstand shock depends upon the use of prorer materials and good 
sign. 
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Mr. H. F. Moore: The fatigue specimen shown, a rotating-beam 
specimen, is a very good one, but rather expensive. In the Materials 
Testing Laboratory of the University of Illinois we have had quite 
good success in using a flat specimen, much like the proposed tension 
specimen, bent back and forth by a cam, with the load measured by 
the deflection of an elastic spring. With such a rig it is possible to 
test plates of considerable thickness, and the specimens are compara- 
tively inexpensive. 


Chairman Whittemore: Well, if there is nothing more which should 
be presented at this meeting we will adjourn. Please remember that 
Mr. Farmer, chairman of the Committee on Standard Tests for Welds, 
couldn’t come. 


(The meeting adjourned at 5:55 o’clock.) 


THURSDAY AFTERNOON SESSION 
September 25, 1930 


The meeting convened at 2:30 o’clock, Vice-President McKibben 
presiding as Chairman. 


Chairman McKibben: Wil! the meeting please come to order? 


We are apt te think that everything we do is new, but I am wonder- 
ing this afternoon whether welding is as new as we think. A few 
moments ago I visited the Field Museum, diagonally across the park- 
way here, to see the Roman bathtub that rests in the entrance to the 
museum. It is made of five pieces of bronze, brazed (welded) together, 
with handles attached by bronze rivets. 


The Curator of the Field Museum informs me that the tub was taken 
from the Roman palace in the first century after Christ. So there 
is a Roman tub with rivets and welds living in peace and harmon) 
these 2000 years. (Laughter.) 


Discussion Paper by Mr. J. C. Hodge of the Babcock & Wilcox Com- 
pany, “Application of Fusion Welding to Pressure Vessels.”+ 


Chairman McKibben: Gentlemen, you have heard a very excellent 
presentation of this subject. The paper is printed in the white re- 
print. Who would like to be the first one to discuss it? I am sur 
there are some members of this audience who have more or less 
decided views on pressure vessels. We should like to have some con- 
structive criticism. 


Dr. Ancel St. John (St. John X-Ray Service Corporation): I don't 
quite know whether I am the daddy or the mother of the X-ray in- 
stallation down there, but I know that I had a great deal to do with 
the starting of it, and I also know that I had something to do in the wa) 
of labor in bringing it forth to realization. 


I want to congratulate the Babcock & Wilcox Company for th 
vision that they have displayed in going at this new development from 
the point of view not only of making satisfactory vessels and proving 


7Paper published in the October, 1930, issue Journal of the A. W. S 
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to themselves that they can make satisfactory vessels, but in proving 
eam * . . " . 
ials to all who may be interested that the vessel is capable of performing 


vite the service for which it is intended. 


sion It seems to me that in these days of increased temperatures, in- 
1 by creased pressures, increased requirements on the materials that go 
e to into service, the matter of what might be called non-destructive tests 
ara- : is exceedingly important. You have heard of a development within 
the last few days going beyond the realm of the X-ray as in the present 
= form, namely, the use of radioactive materials. There are other 
that methods, you have heard of the magnetic test and so on, and it seems 
Ids to me that it would be very well for all those interested in the develop- 
- ment along similar lines to be thinking very seriously not only of the 
tests of this sort that have been proposed but of any other sort of 
the wildest kind of notion that might possibly be brought down to 

earth and tamed. 


Mr. H. F. Moore: In discussing Mr. Hodge’s most interesting paper 
I should like to emphasize as strongly as I can the importance of 
developing a non-destructive test which can be applied to welded 
joints to detect flaws in them. If we try out a welded structure or 
vessel with a load one and one-half times the working load, how 
can we be sure that this overload has not started cracks in the weld 
‘or in the base metal? 


yben 


\der- 
few ‘ Mr. Hodge has given us a very clear presentation of the use of the 
ark- X-ray, and of the Sperry method; the possibility of magnetic tests is 
» the to be discussed later, and yesterday we heard of the possibilities of 
ther, the gamma ray. 


I am also much interested in the acoustic method of searching for 
aken flaws. You probably have read Mr. Kinzel’s account of his tests with 
here the stethoscope. My own experience with that instrument is that by 
nony using a stethoscope and a light tapping hammer it seems possible for 

: an inexperienced observer to detect rather large flaws. There seems 
Fie, a. to me to be a possibility of developing a test in which the sensitivity 
of the human ear to overtones from the hammer blow may be replaced 

by some means of optical or electrical recording of wave form. 


I believe that the development of welding might be markedly ac- 
celerated if three or four non-destructive tests for flaws in welds 
might be given intensive study in the immediate future. 


Mr. Owens: This is one of the most valuable papers that has been 
presented on pressure vessels. It is valuable in that it gives a fairly 


‘omprehensive analysis of the base metal, the weld metal, and the 
fusion zone. 


We have heard in the past that a weld could not be accepted for 
pressure vessels because of its brittleness. However, the test results 
ziven by Mr. Hodge clearly indicate that weld metal can be obtained 
oy at least one concern which is not only not brittle but is tough. 

from ia While the Babcock & Wilcox Company have developed a covered 
ving electrode which produces welds with characteristics practically equiv- 
alent to or probably even better than those of the base metal, never- 
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theless, other manufacturers are also obtaining similar results with 
the resistance, thermit, gas and arc processes. A few years ago we 
would have found it very difficult to locate more than one or two con- 
cerns capable of producing the welds shown and described by Mr. 
Hodge. 


Relative to the success of the non-destructive method of testing 
welds, it appears that the X-ray method as installed by the Babcock & 
Wilcox Company for the testing of welded boilers, will depend upon 
whether it can be done cheaply, to what extent it can be used, and on 
what thicknesses of metal it can be economically applied. 


If the Babcock & Wilcox Company can show from experience that 
welds can be X-rayed at a relatively low cost, then it seems to me 
that the X-ray as a non-destructive method of testing would not onl) 
be universally applicable to pressure vessels but should be required, 
for there is no test, to my knowledge, which gives such a clear indica- 
tion of the value of the weld. 


It is hoped that Mr. Hodge will throw some light on the speed and 
the cost of X-raying a vessel. Suppose it costs $100 or even $200 
to X-ray a $23,000 vessel, the cost would be nothing compared with 
the mental satisfaction of a customer in knowing that he had a sound 
vessel. 


D. B. Wesstrom (Research Engineer, M. W. Kellogg Co.): This paper 
by Mr. Hodge is a very valuable one indeed. The time allowed for 
discussion of it is too short to do it justice, so that my remarks and 
criticisms will be necessarily somewhat brief and sketchy. For some 
time there has been a need for a paper such as Mr. Hodge has con- 
tributed here today, and his clear and complete handling of the sub- 
ject has filled that need very happily. To many of you this may be 
your first close acquaintance with what represents the highest type 
of weld that the art can produce. I doubt if there are more than a 
half dozen concerns in this country today, if that many, who ar 
equipped and competent to perform such welding commercially. 


The Research Department of the M. W. Kellogg Co. spent severa! 
years in developing a ductile weld which is now being commercial!) 
produced in our own shops. It is remarkably similar to the weld 
described by Mr. Hodge, although the welding procedure, electrodes, 
and/or fluxes, may be somewhat different. It is, however, interesting 
to observe that two organizations, working independently of each other 
in search of the best arc weld that can be made, have secured prac- 
tically identical results. The idea that the weld metal must be equiv- 
alent in physical properties to the base metal is perfectly sound, and 
when this has been accomplished it is unnecessary to go any further 


There is one important particular in which I cannot agree with 
Mr. Hodge, and that is in the matter of X-ray examination of every 
inch of weld. Very small blow-holes, and a certain amount of porosity 
are admittedly inevitable in a fusion weld, and it is impossible t 
prevent or repair these minor defects, if they can be called defects 
The presence of these small blow-holes or slight porosity does not 
weaken the weld, as evidenced by the fact that tension test bars taken 
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transverse to a ductile weld containing such minute defects will still 
show 100 per cent efficiency as compared with the base metal, even 
with holes drilled in the weld to reduce the net section. 


In regard to large and dangerous defects, such as large blow-holes, 
slag pockets, etc., our own experience in the Kellogg Co. shows these 
can be detected immediately by the operator at the time of welding. 
Cracks in the weld can be prevented by proper welding procedure. If 
they should develop they can be detected by ordinary inspection in 
conjunction with the hydrostatic test of twice the working pressure. 
| feel, therefore, there is no need for an elaborate and expensive test 
procedure such as required by X-ray examinations and electrical flaw 
detectors. Moreover, there are many practical obstacles in the way 
of adopting such tests. As an instance, there is scarcely a state or 
insurance company boiler inspector in the country today who is pre- 
pared to conduct or interpret such tests. Such tests as X-ray or 
radiograph examination are excellent implements for research work 
in a laboratory for developing or proving a welding process, but they 
have no place in shop routine. 


For instance, the X-ray or similar examination of circumferen- 
tial seams where the required efficiency is only 50 per cent of a 
longitudinal seam is most unnecessary for the reason that if it is ex- 
pected to find flaws of a magnitude of 50 per cent or even of only 20 
per cent there is something radically wrong in some stage of the 
welding process. The statement that the securing of welded samples 
representative of the joints in the vessel itself presents a serious 
problem indicates that the results secured with separate test plates 
cannot always be duplicated in the vessels or in other test plates. If 
this is the case then again something must be wrong with the weld- 
ing procedure, the apparatus, or the operator. This is also true when 
i defect cannot be detected during the welding operation itself. 


It must be remembered that the importance of small defects is 
vreatly magnified in the repeated pressure tests as described in a re- 
ent paper by Professor Moore, since the range of stress and the 
number of pressure cycles are much lower in actual service. It must 
ilso be remembered that one purpose of the safety factor in any 
ressure vessel code is to take care of such minor defects. 


Mr. A. V. DeForest (American Chain Company): Gentlemen of the 
Velding Soeiety: It might be of interest to you, in view of the con- 
licting thoughts on non-destructive tests: Some very flattering re- 
marks that we have heard, and some not quite so much so, to know 
nat the Mining and Metallurgical Engineers are now organizing a 
mittee to take charge of the development and propagation and 
eneral dissemination of non-destructive tests of all kinds. We hope 
hereby to bring into one camp everybody with non-destructive tests 
nd let them show their stuff subject to critical examination, and if it 
in be shown that it is of interest, then publish results that will 
ean something to everyone. 


These methods apply both to non-destructive tests of materials and 
n-destructive tests of welds. We hope to encourage the notion that 
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the non-destructive test, whether it be sonic, electrical, magnetic, 
X-ray, gamma ray, or any other ray, will have a home in which it 
can meet other members of the family, and then if it survives be dis- 
seminated with some degree of authority. (Applause.) 


T. McLean Jasper (A. O. Smith Corp.): I will not attempt to full) 
discuss the paper because ' have not had a chance to read it. How- 
ever, since I have been called upon by the Chairman, whatever I might 
say may not be to the point. 


With reference to the non-destructive tests of vessels a hint was 
given by the author that the tests he describes might involve con- 
siderable time and expense. 


Based on a considerable experience, it is my firm belief that non- 
destructive tests such as are described should be used only on the 
development of a welding process and not as a service test. Unless 
a welding process will consistently produce results which will render 


such tests out of place such welding should not be allowed in pres- 
sure vessels at all. 


There is no question today but that sound welding can be done 
consistently. The practical application of non-destructive tests by) 
the State Boiler Inspectors and their subordinates is one which the 
writer has discussed with several of them at various times. To the 
inspecting, and may I suggest also to the using, groups a practical 
physical test is far more convincing and is to the point. It not only 
tests the welds but the steel and the designs as well. 


It is my firm belief that if the application of a process of welding 
cannot avoid the things which X-ray for instance discloses, then firms 
doing such welding should not be allowed to weld high pressure 
vessels. You will ask how can we tell if a weld is physically good 
in the application of welding. The answer is to test the finished 
product physically in a severe manner, and also to test welded 
samples made at the same time to destruction. The X-ray will tell 


you nothing about strength, ductility and energy-absorbing properties 
of a weld. 


May I say frankly that the advocates of the X-ray method of test- 
ing welds in boilers have either had no welding experience or that the) 
are just in the state of babyhood in development. 


I also include the magnetic and electric method of analysis in the 
above category. 


With reference to fatigue testing of boilers the writer is convinced 
that it is not-a fatigue problem. Had it been such a problem the use 
of boilers would have disclosed it as such long ago. If at this time 
it is demonstrated to be a fatigue problem, then all boilers, in what- 
ever manner made, should be so tested. 


Mr. Morris (Power Plant Engineering): Mr. Hodge, at the higher 
temperatures, do the physical properties of the weld metal and the 
plate metal bear the same relation as at lower temperatures? Rather, 
my question would be: What are the properties of the weld metal as 
compared with the plate at, say, around 700 deg. Fahr., which would 
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be the maximum for drums subjected to saturated steam; at tempera- 
tures of around 800 deg. Fahr., with superheated steam conditions; or 
1000 deg. Fahr., which we may have within the next year or two? 


I was wondering, too, on the bare electrode, if the comparative re- 
sults which you gave were results of welds made in your shops, or if 
they were samples made by people who claim to be authorities in 
that field. I was wondering if you have had the same results for 
the covered electrode rods used by other comranies. 


I don’t entirely agree with Doctor Jasper and the Kellogg gentleman 
regarding the use of X-rays. It seems to me that the psychological 
results on the public are rather important. I have talked on this 
matter with Doctor Jasper before, and I feel, or rather he has con- 
vinced me that so far as the welder is concerned the real value of 
the X-ray is in the development of the welding process. But the man 
who is going to buy and install these pressure vessels is not a welder, 
perhaps he is not sure that the welder can tell when defects show up. 
The X-ray, which I believe Mr. Hodge will tell us is not an exren- 
sive process, gives the user something tangible to look at, and it 
removes a good many doubts from his mind; that is, it gives him 
something that he can actually see rather than trusting blindly to 
the ability of the welder whom he does not know. 


J. C. Lincoln: I am sorry I didn’t have an opportunity to read 
Mr. Hodge’s very interesting paper, but I should like to make one 
or two inquiries. On Plate X, page 109, there are two cases with 
what looks like the welded seam. What I should like to inquire is: 
What are those black marks that appear in the picture? The same 
question also applies to Plate XIII on page 112. I assume that on page 
114, in Plate XV, the square mark at the top of the figure is due to 
an iron clip which held the photographic plate in place. If that is 
not correct, what is the cause of that square mark in the upper part 
of the picture? 


With reference to the X-rays, I will tell you a little story. When 
[ was in school in 1887 in Columbus, the building of concrete build- 
ings was somewhat in the stage that the welding art is today. Con- 
crete buildings weren’t being put up as well as they are now. It 
happened at that time that a slab of concrete fel] and killed four 
workmen one afternoon on the Board of Trade Building in Columbus. 
At that time, naturally, there was a good deal of excitement. A prop- 
osition was made and brought before the City Council of Columbus 
to prohibit the method of building such structures of concrete be- 
cause of the danger of serious accident. Fortunately, no action of 
that sort was taken, and we now know from exrerience of many years 
that safe concrete buildings are constructed, and we can be assured 
that when a concrete building is constructed we can depend upon it. 


We have to depend, in a concrete building, on the way the job is 
done. Thirty-five years ago it would have helped a good deal in the 
psychology of the thing if we had a method of looking into the con- 
crete with something like the X-ray and seeing and being certain that 
the conerete was uniform throughout, that the mixture was as it 
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should be. Experience since that time has shown that methods of 
that sort, at the present time, anyway, are superfluous. I am rather 
inclined to think that the same thing five years from now will be the 
feeling with reference to the examination of welds. (Applause.) 


Chairman McKibben: Mr. C. W. Obert, of the Union Carbide and 
Carbon Company, whose connection with the American Society of 
Mechanical Engineers and with our own Society is well known, has 
sent in a brief written discussion. I have asked Professor Norton ot 
M. I. T. to read Mr. Obert’s discussion. 


Professor Norton read the discussion of Mr. Obert. 


C. W. Obert (Union Carbide & Carbon Research Laboratories): Mr 
Hodge’s analysis of the present situation in the “Application of Fu- 
sion Welding to Pressure Vessels” is to be commended, in that he 
points out the shortcomings of former practices which have militated 
against general acceptances of welded construction, and, moreover, 
outlines the factors that really control the suitability of welded vessels 
for severe service conditions. The welding industry has long faced 
this situation, and it is decidedly refreshing to observe the rea! 
points of issue brought out in the open and discussed without reserve. 


During the past four or five years a great deal of attention has 
been paid, both in this country and abroad, to the question of regula- 
tions which will ensure safe construction, and it may here be noted 
that to a large extent the tendency has been toward specification of 
the procedure that should be followed during construction in order 
to ensure safe and sound welding. The increase in diversity of proc- 
esses and procedures as fusion welding has been developed, however 
has served to greatly complicate this method of control, and of late 
attention has been given in this country at least, to possible methods 
of checking the completed structure with acceptance tests, entire!) 
without regard to the process or procedure followed in construction. 


The facts and data presented by Mr. Hodge would appear to indicat« 
that there are a sufficient number of critical methods of analysis of 
welded construction to enable the latter method of checking welded 
pressure vessels and boiler drums by acceptance tests to be satis 
factorily worked out. Assuming that equality of the deposited weld 
metal with the base metal is the desideratum, it only remains, then, 
to determine whether Mr. Hodge’s array of tests will accomplish this 
He submits the following: 


1. Macroscopic and microscopic examinations; 
2. Tensile tests; 
. Bend tests; 
. Impact tests; 
. Fatigue tests; 
. Density of weld metal; 
. Chemical analysis of weld metal; 
. Non-destructive tests: 
a. Magnetic; 
b. X-ray. 
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The writer agrees with Mr. Hodge’s premise as to the quality of the 
deposited weld metal, but is of the opinion that item 1 (macroscopic 
and microscopic examinations) is undesirable because such tests are 
not critical and not easily interpreted by an average boiler inspector; 
that item 5 (fatigue tests) is undesirable because a small number of 
alternations of pressure will reveal nothing concerning a well-made 
vessel, while a large number is liable to damage such a structure; and 
that item 7 (chemical analysis) is undesirable because it is not a 
definite or direct indicator of quality of the weld metal. Of the re- 
mainder, the writer believes that items 2 (tensile tests) and 3 (bend 
tests) are important requirements; that item 4 (impact tests) is of 
considerable value, in that impact determinations have been shown 
to be a check upon the bend test for ductility; that item 6 (density) 
is of advantage because it indicates the degree to which porosity in 
the weld metal has been eliminated; and that item 8 is important if 
the X-ray method is followed, as it will provide a permanent record 
of quality of the welded joints in a drum, that can be filed with an 
inspection authority for future reference. (Possibly the same may be 
true of the magnetic method of analysis, but we are not as yet suffi- 
ciently familiar with it to know.) 


The writer agrees thoroughly with the author’s views as expressed 
under the heading “Test Procedure,” as the three items therein out- 
lined will certainly show with a great deal of certainty the quality of 
joint and reliability of structure that may be expected. Under item 
1 in that tabulation, I would recommend testing of the welded sample 
plates for (a) the determination of tensile properties; (b) the ductility 
under bending; (c) the impact values; and (d) the density of the weld 
metal—these properties to comply with as rigid a specification as will 
be reasonable for guaranteeing high quality of weld metal. Under 
item 2, I recommend the X-ray analysis as the most critical and exact 
method of non-destructive test that has as yet been developed for 
welded joints; the cost of X-ray equipment is not beyond the reach 
of any well-equipped fabricating plant, and its operation is safe and 
certain. Under item 3, I recommend the same hydrostatic test that 
has always been required for welded pressure vessels in Par. U-78 of 
the Unfired Pressure Vessel Code, namely, to one and one-half times 
the allowable working pressure, with hammer test of the welded joints 
and subsequent increase of the hydrostatic test to three times the allow- 
able working pressure. 


It may be of interest to here point out that for over a year the A. S. 
M. E. Boiler Code Committee, in cooperation with a conferring com- 
mittee of this Society, has been investigating the possibilities of ac- 
ceptance-test specifications for welded pressure vessels. After a pre- 
iminary study of various data and recommendations, the proposed 
pecifications for such tests were published in the March issue of the 
\merican Welding Society Journal, and simultaneously in the March 
‘sue of Mechanical Engineering, for public discussion. These spec- 
‘ications were discussed at a public symposium at the annual meet- 

g of the Society in New York, in April, and also at a similar sym- 
sium during the annual convention of the National Board of Boiler 
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and Pressure Vessel Inspectors, held in Chattanooga, in June. The 
Boiler Code Committee, in cooperation with the A. W. S. Conference 
Committee, has since been reviewing and digesting the criticisms and 
recommendations embodied in the discussions on those occasions. It 
is expected that these studies will result in practical and workable 
specifications that may be issued in the near future for the use of the 
public. 


Professor Norton: May I say it is very gratifying indeed for those 
of us who have been interested so long in the development of the x- 
ray method to find here a really practical application to practical prob- 
lems. I think it would be of interest to most of us to have Mr. Hodge 
tell us what some of the defects are which he finds in the x-ray method. 
We, of course, are all aware there is not a perfect method of test, not 
100 per cent perfect, and I think it would be very interesting indeed to 
realize and understand what these limitations are, although they may 
not be sufficient to condemn this as a method of test. Personally, of 
course, I am enthusiastic about the method because it has been my 
interest for some time, but I think the best way of encouraging the 
method is to know all about it, to know its defects as well as advan- 
tages. 


Chairman McKibben: I was intending to pursue this subject to the 
utmost limit, but the time is passing and we will have to ask the writer 
of the paper to give his brief answer to these criticisms and questions 
and then we will pass to the next paper. 


Mr. Hodge: Mr. Chairman, I first want to apologize to Mr. Llewellyn 
for not appreciating immediately the humor of his remark. Having 
been born in the British Isles, I have the characteristic attitude of 
the Britisher toward humor. (Laughter.) I was further handicapred 
by having been born north of the Tweed, and being a Scotchman I be- 
came very much excited when I heard of a $2 value selling for $1.99. 
(Laughter.) 


The entire criticism of the paper has been centered around the non- 
destructive test or the X-ray examination of welded joints. I antici- 
pated Mr. Owens’ question regarding the cost of X-ray examination as 
applied to the production examination of welded joints in pressure ves- 
sels. The figures, which I shall give, are estimates and estimates only, 
as we have not done a sufficient amount of X-ray work to determine 
exactly, that is, to the nearest five cents per linear foot of welded seam, 
just what the cost will be. For 14-in. plate the cost will run approxi- 
mately 30 cents per foot; for 2-in. plate the cost will be approximate) 
36 cents per foot; for 344-in. plate the estimate is as high as $2.63 per 
foot. Bear in mind that the cost of X-ray examination of a pressure 
vessel is small in proportion to the entire cost of large welded pres- 
sure vessels. If we have 80 ft. of welding to explore and the cost is 
$2.50 per foot, that is only $200 for X-ray examination or for positive 
assurance that there are no large defects of any kind present at any 
point in the welded joints of a pressure vessel with a wall thickness 
of over 3 in. 


Replying to Mr. Wesstrom of the M. W. Kellogg Company, you will 
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note that I have stated in the paper that there would be a considerable 
divergence of opinion regarding the non-destructive test and it is only 
a matter of opinion. However, if I were a purchaser and user of 
welded pressure vessels, I would want an X-ray examination of the 
welded seams if it were at all possible to obtain such, and it is pos- 
sible, and economically possible at that. 


As far as porosity is concerned, I have said nothing as to whether a 
joint, proven to be porous by X-ray examination, should be acceptable 
or not acceptable. That is the consideration of a governing body of 
engineers, such as the Boiler Code Committee of the American Society 
of Mechanical Engineers. Some porosities are dangerous; other porosi- 
ties are not so dangerous; any degree or type of porosity in weld metal 
is objectionable if our hope is that weld metal will be generally con- 
sidered as at least equal to plate material in quality. There should 
be a limit as to what amount of porosity should be acceptable. 


So far as the difficulty of training inspectors in X-ray technique is 
concerned, the inspectors will not be called on to conduct the actual! 
exposure of the film. They will be presented with prints of the X-ray 
films of the joints identified in a suitable manner, and it will take only 
five minutes to explain to an inspector what defects are acceptable and 
what are not acceptable. A set of X-ray prints, showing several types 
of welded seams, could be available for reference to by the inspector. 


Mr. Morris has asked what the physical properties of the welded 
joints are at high temperatures. We are preparing another paper on 
the physical properties of those welded joints at high temperatures, 
that is, in the range of 600 to 1000 deg. Fahr. The data we have at 
hand indicate that the welded joint is just as good as the boiler plate 
at the high temperature. 


I place a great deal of faith in the notched bar impact test, and the 
impact test results which we have obtained on weld metal at high 
temperatures follow very closely the.impact value-temperature curve 
or diagram of boiler plate and other low carbon steels throughout the 
entire temperature range. That is, the impact value increases up to 
approximately 300 deg., decreases from that temperature to a minimum 


at 900 deg., and then rapidly rises as we enter the plastic range of the 
metal. 


The bare electrode welded joints, from which data on the physical 
properties were obtained, were made in our own shops by thoroughly 
ompetent operators. We believe that we can make just as good bare 
electrode welds as that made by advocates of bare electrode weld- 
ng. Please understand, we are not criticizing bare electrode weld 


metal. There is a very important place for that in the welding of engi- 
neering structures. 


Regarding a comparison between covered electrode weld metal and 
are electrode weld metal, you can get just as bad weld metal with the 
ise of a covered electrode as with a bare electrode. However, it is 
ery much harder to produce a poor weld deposited from a good covered 
ectrode than from a bare electrode. 
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Mr. Lincoln’s remarks, I presume, referred to the black lines crossing 
the photograph of the surface of the fracture in one of the fatigue tests. 
Those black lines were due to the sectioning of the steel containing 
the defect, the black lines or zones corresponding to the metal removed 
by the cut. For example, if this represents a welded joint and we have 
a crack or fracture in this position, we cut the fractured zone from the 
shell and then proceed to section this zone. Having obtained the sec- 
tions, we examine the sectioned surfaces and then split each section 
along the fracture. By placing each section in its original position and 
then spreading the sections open just like a book, we obtain the two 
surfaces of the fracture as shown in the photograph. Does that answer 
the question? 


Mr. Lincoln. Yes. I was trying to find out what made them. That 
answers the question. 


Mr. Hodge: In commenting on the black marks on the photographs, 
were you referring to the radiographs? 


Mr. Lincoln: At the top of page 114. 


Mr. Hodge: Where there is a black mark? That represents a lead 
marker which was placed on the boiler plate to the side of the welded 
joint as a reference point. That lead marker absorbs the X-rays, so 
that no rays strike the film immediately back of it. When the film is 
developed, the image of the lead marker on the film is colorless, so 
when we make a photographic print this area is represented as a black 
zone. Is that what you meant? 


Mr. Lincoln: I thought at first it was probably some clip. 


Mr. Hodge: Could I see that photograph? That is the image of the 
lead marker. The purpose of the lead marker is this: We place those 
lead markers at distances of 12 in. along the welded joint. The lead 
markers are prick punched, and the resultant hole in the lead marker 
is shown on the X-ray prints. If a defect is present on tne X-ray film 
or print, by referring back to the lead markers the defect can be ac- 
curately located in the welded joint. Is that sufficiently clear? 


I don’t believe there is anything else I can add. With regard to X- 
ray examination, it is only a matter of difference of opinion, and I wi!! 
leave it to each one of you as to just what you would accept if you were 
buying a welded pressure vessel. 


Discussion paper, “Magnetic Testing of Butt Welds,”+ by T. R. Watts, 
Westinghouse Electric & Manufacturing Company. 


Mr. Harcourt C. Drake (Sperry Products Company): Mr. Watts has 
covered in his very comprehensive paper this type of weld testing and 
has taken a commendable attitude in pointing out the value of it and 
its discrepancies where it has any. 


I would be interested in having him tell us whether or not he has 
made any tests where the specimen has a fracture in which the faces 
of the crack are in intimate contact, say under pressure. I should also 


+Paper published in the September, 1930, issue Journal of the A. W. S 
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like to have him tell us whether he has tested material of, say, 2 or 3 
in. in thickness, and if so just what results were obtained. 


Mr. Watts: I haven’t had any invisible cracks to test, except in forg- 
ings, which were not welded. (The iron powder detected the forging 
cracks, but after etching the surface the cracks could be seen to ex- 
tend farther than the iron powder indicated.) 


We did test a cracked welded frame ring which had got by the 
regular visual inspection and on to a boring mill, where the machinist 
discovered it. The crack was almost invisible, but in testing by mag- 
netographs it showed a heavy line of iron powder about % in. wide, 
which was very conspicuous, of course. (We didn’t have the weld test 
meter then, but laboratory tests show that it also detects cracks very 
satisfactorily.) 


As to the thickness of material tested: so far I have not tried any- 
thing thicker than 2 in. We have gotten results on pieces 2 in. by 25 
in. in sectional area. I see no reason why the weld test meter would 
not work for greater thickness. 


Chairman McKibben: Is there any other discussion on the paper? 
Mr. DeForest, have you anything to add? 


Mr. A. V. DeForest: I regret I have nothing to add to this very 
painstaking investigation of the dust method. It undoubtedly offers 
very distinct possibilities for thin stock. I have used it on some appli- 
cations up to about % in. thick, and there it is altogether very splen- 
did. Beyond that I would very much imagine that there were diffi- 
culties, especially in the single V weld, for the detection of unfused 
metal at the bottom of the weld. It is quite easy to confuse evidence 
of the thickness of the deposited metal and the penetration at the base 
of the V. 


Chairman McKibben: I should like to take one minute of your time 
to repeat in brief what I said yesterday about an inferiority complex. 
When I was a student in college I had a professor who dwelt so much 
on our making mistakes that every time we tried to do any work we 
were so afraid of making mistakes that we did nothing. Let us not 
get into that attitude regarding the testing of welds. 


The methods that have been described here for two or three days are 
wonderfully interesting, wonderfully valuable, and no doubt will prove 
to be an essential part in the development of welding. Nevertheless, 
if one listens too closely to these papers he becomes imbued with the 
fear that welds have so many defects as to be of questionable use. 
This is not the case. Welding has made remarkable progress. It is 
an essential part of modern industry. It has made possible many 
operations which before were not possible. All I have to say regard- 
ing these many tests is: Good luck to the men who are making them 
and may they progress to the point where they will be most valuable 
and most certain in detecting defects in our work. We welcome all 
such efforts and we must not, however, feel that the defects are so 
great that safe work never results. 


The meeting adjourned at 4.50 o’clock. 
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FRIDAY MORNING SESSION 
September 26, 1930 
E. Wanamaker, Presiding 


Discussion paper, “Double Lengthening Railroad Rails,’+ by L. C. 
Ryan, Oxweld Railroad Service Co. 


Chairman Wanamaker: Gentlemen, you have all heard Mr. Ryan’s 
most excellent paper on what I feel is a very important subject. | 
think the Society can be congratulated on the fact that they have given 
so much time on the program to this subject. I don’t know whether 
or not those not in the transportation business know how serious in 
the last few years has become the competition with the railroads. Not 
least among these is the pipeways which the public doesn’t often hear 
about. It would seem as if possibly our greatest competitor today 
and in the near future will be the pipe lines, especially the pipe lines 
in connection with highway transport. In addition to these we have 
the waterway, and last but not ultimately the least in all probability, 
the airway. So I might safely say, as somewhat a representative of 
the railroad fraternity, that the railroads are most highly interested in 
promoting efficiency and economy of operation and maintenance today. 
But there is one thing that we can’t forget; the public won’t let us 
forget it, Congress won’t let us forget it, and the Interstate Commerce 
Commission won’t let us forget it. That is the feature of safety. | 
venture to make this assertion: that on no other line of industry, effort 


or business is the safety burden saddled as it is upon the railroads. 
I wish each and every one of you would carry that message home, give 
it some thought and spread it about. 


Danger on a railroad means a lot. It apparently doesn’t mean a 
whole lot in some lines, nobody is making any particular effort to 
protect our citizens from the results of high life, fast life, questionable 
gin, automobiles and all that sort of thing. But it is lese majeste and 
treason to the king when we cause the slightest accident anywhere. 


I know that I will have the well wishes of all my railroad friends 
and coworkers in leaving that message with you. As Mr. Ryan has 
just said, one of the most expensive factors in the maintenance of rail- 
roads is that of track maintenance, and it is becoming a more impor- 
tant factor daily since the railroads are constantly endeavoring to in- 
crease train loads for economy’s sake and train speeds for the benefit 
of the patrons and customers. 


If we could eliminate the joint entirely it would no doubt be one of 
the greatest improvements that have been made in railroading as we 
know it in this country, and I think in view of the importance of this 
subject we should have a great deal of most interesting and helpfu! 
discussion. 


I wish to say to you that those railroad men of ability and those in 
authority with whom I have conversed quite naturally show a fear that 
is inherent when we start to apply heat to track rails in the open 


+Paper published in the September, 1930, issue Journal of the A. W. 8. 
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track on the main line, because those who approve such practices are, 
to say the least, held morally responsible. 


I can go back, gentlemen, to some of my early experiences in railroad 
welding. I don’t know whether my hair became gray because of some 
of those experiences or not, but I think I can attribute some of them to 
the fact that many a night I went to bed wondering whether I might 
not have caused a death. It is not so pleasant to think about. We 
tried, as pioneers, some things that we don’t do today. 


At that time we had not the benefit of scientific men and engineers 
with years behind them in research, experiment and development to 
guide us. We, as a rule, had to just reach out and try something with- 
out any data or information which might make us feel that we would 
not cause serious accidents. Today it is an entirely different story. 


While I have not been as active in welding in the last few years as 
I would like to have been, I have tried to keep pace with the develop- 
ments by reading that which has been written, and especially the dis- 
cussions of what has been written. I should like to say that it seems 
a much simpler and easier matter today to develop new methods and 
processes than it was back in 1917, a lucky thirteen years ago. 


We are looking today for many things, Mr. Ryan, not only improve- 
ment in track maintenance, but we are wondering and expecting some 
Moses to come forth and show us a real economic method of building 
cars. We know that we haven’t made any big improvement in car 
construction cost. The railroads realize today as they have never 
realized before that we must increase, very much increase our effi- 
ciency, as well as to render an improved and better service more in 
keeping with the demands of these modern times. But we have not 
command of many of the mental resources that are primarily necessary 
and the physical resources that must follow in after these mental re- 
sources if we are to have the improvement that we know we need and 
desire. 


Unfortunately, sometimes we become a little pessimistic and think 
that the manufacturer who does have the facilities and who does de- 
velop new ideas is grinding his own axe much harder than he is our 
own, and we wonder sometimes if he is fully cognizant of our troubles 
and difficulties and if he is making all the effort he might to help us 
with what we might have to live with after we once get it. A railroad 
can’t drop anything and it is almost impossible for a railroad to get 
rid of anything once it gets it. You might have a line 15 miles long 
that serves absolutely no economic service or advantage to the com- 
munity, but they insist that you keep it running just the same. 


I went to a meeting at the request of another railroad not long ago 
to help them in placing their case before the hearing. The people 
wanted to retain a passenger service regardless of the fact that they 
hadn’t hauled a passenger in some ninety odd days, and that every ob- 
jector at that hearing had come in his own automobile and didn’t even 
ride in a bus. (Laughter.) 


So we want you, while you are developing these things, helping us, 
to help us live with them as well. Mr. Ryan, if you and those who 
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take part in this discussion will bear that in mind, it will help us fel- 
lows a lot. (Applause.) 


Gentlemen, the paper is now open for discussion. 


Mr. Ryan, could you explain the method of making these welds some- 
what in detail? 


Mr. Ryan: Well, as a general procedure? 
Chairman Wanamaker: Yes, especially the butt welds. 


Mr. L. C. Ryan (The Oxweld Railroad Service Co.): We found, in 
the development of and getting a most successful butt weld, that we 
must have a welder who is interested and one who knows how to weld. 


The rail is V’d out on the base, web and ball so that there is plenty 
of room to get the nozzle down into bottom part of the V everywhere 
in order to make a perfect weld. While the weld is being made, allow- 
ance has to be made for the contraction of the various thicknesses of 
rail section. 


Rails are set up workways, V’d out and the complete weld is made 
without disturbing the rail. First the base is welded, then the web 
and the ball is the last point finished. The web and base are welded 
with one of our regular special rods. The ball is welded with a pat- 
ented rod which is used also for rail end welding. No reinforcement is 
left on the rail section. 


_ Chairman Wanamaker: The angle bars are applied in the usual 
manner afterward? 


Mr. Ryan: Yes. The angle bars are applied after the weld is made, 
preferably usable angle bars. The angle bars are applied not to sup- 
port the weld; they are applied, as we welders know, because some- 
times a man if he is careless might not make a perfect weld and the 
weld might break. We have had broken butt welds. Out of 20,000 or 
80,000 butt welds we have made this year, there have been only a few 
breaks. They will crack up through right where the rails are united. 
If the angle bars are on, it is still a regular bolted rail joint. Being 
a regular rail joint, all it is apt to do is break the signal circuit. We 
haven’t had any breaks that we couldn’t reweld. We have had suc- 
cess after rewelding, and in every case we found the trouble was just 
a little careless welding in the first place. 


Chairman Wanamaker: You have had no trouble from any undue or 
bad heat effects set up? 


Mr. Ryan: To the best of my knowledge we haven’t had any rail that 
showed any indication of breakage on account of heat effect. 


I showed one tunnel picture and out of about 1240 welds made on 
that job I think there have been three rails showing a fracture in the 
weld, which was very pleasing to us. It gave us assurance that if butt 
welding was properly supervised and if it was done by a welder who 
knew how to weld, and who was interested in making the weld, the 
safety element would not hinder the development of the project. 


We started this operation on railroads and went at it cautiously by 
welding rail on slow speed track at first. Now there are a number of 
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railroads interested in extending the operation to open track. No doubt 
there are men sitting here in this audience who are interested in it, 
and I heartily concur with you in saying that I should be interested to 
hear discussion on this subject. 


Chairman Wanamaker: Is there any discussion, gentlemen? 


Mr. John C. Reed (Bethlehem Steel Corp., Scranton, Pa.): I should 
like to ask whether you have ever made any drop tests on these joints 
which you are welding, and if so, how they compare with the tests re- 
quired by the railroads on the original rail. 


Mr. Ryan: I think that drop tests have been made and some very 
favorable reports have been given. 


Chairman Wanamaker: Are there any further questions for Mr. 
Ryan to answer on the paper? 


Mr. Llewellyn: I did not catch whether he explained if the process 
of making the weld requires that he preheat the rail for any consider- 
able distance back from the joint. 


Mr. Ryan: In making the butt weld we make no pretensions of heat- 
ing it before we start. While V’ing out and during the welding opera- 
tion the entire rail end gradually becomes heated up for a considerable 
distance both ways from weld which is sufficient preheating. 


I inspected some butt welded joints in Boston on the Boston Street 
Railways which were thermit welded. It was a very good job. It was 
on a grade. I should say that it is a quarter of a mile or so of open 
track except through the different street crossings. It has been done, 
I think, for a couple of years. I inspected it last summer and found 
that it has given very good results. It is a good stretch of track for 
anyone in Boston to look at and see what continuous rail welding will 
do on open track where it is subject to various extreme changes of tem- 
perature. I mention this because I am interested in finding out how 
expansion and contraction would affect this particular stretch of butt 
welded rail. 


Chairman Wanamaker: Mr. Ryan, recently I witnessed a train tele- 
phone test in which the despatcher 250 miles away was in touch with 
both the head end and the rear end of a freight train by telephone, 
and it worked very nicely. There was also a code signal system be- 
tween the rear and head ends of the train. In this test they had a wire 
or conductor for induction purposes down the center of the track, that 
is, midway between the rails, they stating that without the wire ap- 
parently the click of the wheels on the rail joints made a noise that 
was difficult to overcome. Since I have heard your paper this morning 
it occurred to me that possibly if you got the rails smooth they wouldn’t 
need the wire as they wouldn’t get that click. 


Is there any further discussion, gentlemen, on this paper? 


Mr. C. S. Purves (Quasi-Arc, Incorporated): Mr. Wanamaker has 
rightly suggested that the question of heating the rail, particularly on 
open track, is of vital importance. Mr. Ryan has said that the rail is 
V'd, which, of course, it must be. Perhaps he will tell us how it is V’d. 
If with the oxy-acetylene torch is the carbonized layer removed be- 
‘ore welding takes place? 
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Mr. Ryan: I will answer that by saying yes, sir, the same as we take 
the oxidation off for any weld we make. 


Chairman Wanamaker: Are there further questions? Otherwise, 
Mr. Ryan, we thank you most kindly for your good paper, and later on 
as we discuss the other papers, should any questions come up in con- 
nection with yours we shall be glad to bring them in at that time. 


Discussion paper, “Possibilities of Further Development in Railroad 
Welding”+ by Mr. G. W. Lieber, Superintendent of Reclamation, Mis- 
souri, Kansas & Texas Railroad Company. 


Chairman Wanamaker: Gentleman, you have all heard Mr. Lieber’s 
most excellent paper and I think he has given us plenty of opportunity 
for discussion. We should be glad to hear from you with any ques- 
tions you may have to ask Mr. Lieber... I am always good at asking 
questions, Mr. Lieber; I should like to know what particular subject, 
outside of rail welding, which we have discussed and will discuss 
again, offers the nearest development or the quickest development, in 
reclamation work for example. 


Mr. Lieber: Car castings of steel offer the best possibility at the 
present time. While at the present time welding is somewhat limited, 
due to certain objections of the committee that I referred to in the 
paper I can see no reason that it cannot be advanced to other similar 
articles which are now absolutely prohibited or prevented from being 
welded in any manner. On these particular castings on which they do 
not permit welding, they do permit, however, the building up by either 
process. Our contention as a committee is that there is as much stress 
set up through building up as there would be through welding. If the 
article is damaged to any extent by welding it would be equally dam- 
aged by the building up. Car castings and similar castings on loco- 
motives and tenders offer the best possibilities in railroad welding at 
the present time, together with manganese, which is a very vital sub- 
ject to the committee this year. It is the welding of manganese and 
the extension of welding car castings, which we hope to obtain, espe- 
cially couplers. 


Chairman Wanamaker: I think Mr. Lieber made a statement that it 
seems to me with welding men could stand for a little discussion. Are 
the stresses and strains the same in building up as they are in what 
would we say—joining together? 


Mr. Lieber: There is a possibility of it not being so great in build- 
ing up as it would be in actual welding, but there is a stress and strain 
set up by the application of a torch, regardless of whether it is weld- 
ing or building up. 

Chairman Wanamaker: Then might this be a question that is in- 
volved? Not the difference possibly in the stresses and strains, but in 
the use to which the article is put? 


Mr. Lieber: They could hardly attribute that to use of the coupler. 
A coupler stands both strain and compression, but the strain that 
would be. set up, due to welding or rather to building up, would not be 


+Paper published in the September, 1930, issue Journal of the A. W. S. 
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any more than it would be subjected to. It would not be subjected te 
any harder use if welded than when built up. 


Chairman Wanamaker: I don’t want to ask all the questions, but I 
want to learn something if I can. Would this be a factor: In a build- 
ing up job, due to the human factor or the failure of the operator, the 
weld lacked a great deal of being a good weld, even so, providing the 
part that has been built up because it was worn has not been worn be- 
low the condemning limit, means that there would be no failure such as 
might be even if the parts that had been welded together broke away 
from each other in case the weld failed? 


Mr. Lieber: From that standpoint there would be more possibilities 
of failure due to the welding than due to the weld. That is hardly 
the contention of the American Railway Association, so far as our di- 
vision is concerned in connection with the Mechanical Division. 
Their contention on couplers is that all railroads are not equipped to 
properly carry out a process that might be recommended and accepted, 
and the possible danger in failure in a coupler is so great that they 
hesitate and have hesitated for some time in accepting and permitting 
welding to any degree on couplers. A truck side bears just as impor- 
tant a relation to the operation of a car and a train as a coupler, in my 
opinion, more so. A coupler is subject to strain pull and compres- 
sion. A truck side bears its proportion of the weight of the entire car. 
A failure on a truck side could cause a wreck immediately, while a fail- 
ure on a coupler, under the present air equipment, would only result in 
the train being brought to a standstill. There would be a possibility 
of the car leaving the track, but the damage would be very much less 
than it would be in a failure of a truck side. While Division V per- 
mits welding of truck sides, they have objected to the welding of 
couplers. We have fought with them for five or six years, and I believe 
this year we will succeed in convincing them that it can be just as 
easily done and as well done and be as safe as it would be on a 
bolster or truck side. If we accomplish that we have not only done 
something for the welding fraternity but we have done something for 
the railroads that will be the means of effecting many millions of dol- 
lars of savings. 

In your Chicago district here alone I know of one railroad where 
they wouldn’t even permit the building up of couplers, and I was in- 
formed by one of their officials that they disposed of, from the entire 
system, as much as 175 tons of couplers per month. The majority of 
them, in his opinion fully 80 per cent of them, could be reconditioned 
at a small cost and put back into service and give equally as good 
service as new couplers. 


You can just draw your own conclusions from that as to the amount 
that it means to the American railroads, when one railroad alone in 
the Chicago district is scrapping from 175 to 200 tons of couplers per 
month, 80 per cent of which could be saved. 


Chairman Wanamaker: Has anyone any suggestions to offer? This 
iS a most important subject to the railroads. I have served several 
‘ears in the Mechanical Division on this Welding Committee work and 
we are constantly seeking enlightenment. What importance do you 
ittach to annealing in these various methods? 














140 JOURNAL OF THE A. W. S. [ December 


Mr. Lieber: That is the secret of our protest in bringing and getting 
consideration from Division V. Prior to that time annealing was 
thought unnecessary. In fact, welding as a general rule in connec- 
tion with railroad work was thought of as just another economical 
process that anybody could carry on to a full degree of safety and sat- 
isfaction without any knowledge of the elements with which he was 
working, the structure of the metal which he was handling, or the 
process by which he was applying it. 


The developments in the past five years have brought about the ab- 
solute necessity of annealing, regardless of whether the casting has 
ever been welded or built up, and especially in cast steel, which opin- 
ions vary on. Some opinions hold that the casting will become fatigued 
under the operation and strain it is subject to in a period of from eight 
to ten years. We take the stand or the committee is making the recom- 
mendation and taking the stand that all car castings be re-annealed at 
their first shopping, which will be over a period of about ten and not 
over twelve years, some of them six years. It is highly important and 
annealing is the reason for welding being entertained by the Amer- 
ican Railway Association, Division V. It is through annealing that we 
have gained the point and have obtained consideration so far. 


Chairman Wanamaker: May I ask if you have given any considera- 
tion to the kinds of metals used in making the various castings to lend 
themselves to a greater ease of welding, or have you made any study 
as to the mechanical design of the casting to lend itself to reclamation 
or maintenance by the welding process? 


Mr. Lieber: Frankly, I have to admit that is a question we haven't 
handled, as a committee. We haven’t given it consideration from the 
standpoint of design. Of course, very few of us are engineers or de- 
signing engineers anyway, and perhaps not engineers at all. We are 
just trying to help ourselves. We have never given any consideration 
to either one of the subjects you just asked about, while they are im- 
portant, nevertheless. 


Chairman Wanamaker: It seems to me that those interested in recla- 
mation oftentimes have a means of keeping record as to when and 
where breaks occur most frequently. 


Mr. Lieber: That is being done. 


Then, of course, comes the composition of the material that we are 
using, the material that is handled. So far as design is concerned, 
we have never taken it up to see if the design could be bettered to pre- 
vent a reoccurrence in the same place on a certain structure. How- 
ever, the point we take on that is this: We reinforce that section, par- 
ticularly on truck sides, at the present time, that fails in the right- 
hand corner over the journal box. We have noticed that on particu- 
lar design of truck side. The mechanical engineers have changed the 
design of the truck side. Whether it will benefit us any more or not, 
I don’t know, but we are reinforcing the old steel and getting very sat- 
isfactory results, annealing it afterward. 

Mr. Fred E. Rogers (Air Reduction Company): What is the situa- 
tion with regard to building up car couplers in general? I got the 
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slant from what you said in regard to couplers that building up is per- 
mitted on yokes. 


Mr. Lieber: Yokes are not permitted. 
Mr. Rogers: Building up coupler faces? 


Mr. Lieber: On faces and shanks building up is permitted. The 
application of a block to the shank of the coupler to increase the size 
from 6% to 8% or 9% is permitted. But the actual welding of a frac- 
ture in a coupler is not permitted, nor is there any welding permitted 
on a coupler block. 


Mr. Rogers: I understood that the yokes on couplers are welded in 
some instances and permitted. 


Mr. Lieber: I agree with you that they are being welded, but it is 
not permitted by the American Railway Association. I found one just 
a short time ago through our laboratory. 

Mr. Rogers: What is the objection, may I ask, to building up a 
coupler block? 


Mr. Lieber: That is a question that we are trying to get Division V 
of the American Railway Association to answer. We can’t see any 
reason why there should be any objection to it, but, of course, they are 
the law and gospel. I think this year we will overcome that and by 
next June we hope to be able to weld and build up coupler yokes and 
also weld couplers. 


Chairman Wanamaker: Are there any other questions that we care 


to ask Mr. Lieber? I thought that maybe I could carry something back 
to Division V. 


Gentlemen, if there are no further questions to ask Mr. Lieber, I 
will take this occasion to thank him for his paper. It was very good, 
indeed. (Applause.) 


Discussion paper, “Elimination of Joint in Open Track,+ by Mr. J. H. 
Deppeler, Chief Engineer, Metal & Thermit Corporation. 


Mr. J. H. Deppeler: In the annual meeting in 1929 I presented a 
paper on this same subject, but that paper dealt more with the develop- 
ments abroad rather than the developments in this country. I thought 
at this time you might be interested to know what has been done since 
and how we have progressed in this country in the development of this 


. particular joint. I think, in order to make the thing understandable, 


we ought to go back and review a little of the old. 


Chairman Wanamaker: Gentlemen, this is a most pertinent subject 
that Mr. Deppeler has been speaking upon and we should have much 
very enlightening discussion. 

Mr. Ryan (Oxweld Railroad Service Company): Does the author 
know of an installation of welded open track made by the Boston Ele- 
vated Railroad in which Thermit had been used, and which had been 
entirely satisfactory over a period of two or three years so far? 


Mr. Deppeler: I am very sorry to say that I don’t know of that par- 
ticular installation. I have followed, of course, as some of the outside 
men have, all of the installations made by the street railway compa- 


‘Paper published in the October, 1930, issue Journal of the A. W. S. 
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nies. Some of these have gone from the paved track, which we thought 
at that time was the only thing to weld, to open track. There have 
been a number of them. I ran into one of them down in Easton, Pa., 
where they went right ahead and welded without any idea of expansion 
difficulty, and they haven’t had any. So we think those are excellent 
precedents. 


Did you say, Mr. Ryan, that your company had installed more than 
20,000 joints on railroad open track in this last year? 

Mr. Ryan: Yes, that is approximately so. 

Mr. Deppeler: Certainly, we of the thermit industry are tickled to 


death to see that we have somebody to help us fight our battle with the 
railroads. We are going to help you and you help us. 


Mr. A. M. Candy: I should like to ask Mr. Deppeler if he has some |) 


average or typical cost figures on the thermit weld in some specific size 
rail, say 130 lb., or any other size he may have in mind, including the 
total charge to be made against such cost of welding. 


Mr. Deppeler: Yes, the cost of welding this rail section by this |& 
pressure weld method is a little less for material than it would be to (7 
make our regular insert weld. That is evident, of course, because we (7 
are utilizing not only the heat of the thermit weld, which comes up only | 
to this point, but are also utilizing the heat from the slag which is | 


used in the butt welding of the upper portion. So from that stand- 
point it costs less, but the application of the clamps to the rail sections | 
in the laying of the track, necessitating the forcing together of the | 

rails as each joint is made, introduces an increased labor cost, which J 
makes this joint, for instance, on the 130-lb. Pennsylvania section, cost 
about $10 a joint or so instead of $8 a joint. The cost is a little 


higher, but the results are so perfect that the increased cost is well : 


paid for. 


That brings up another thing I had forgotten. To show to what ex- 
tent some of the railroads are going to overcome the difficulties they 
are having due to battered joints with the enormously heavy wheel 
loads, they are going to alloy steel rails, and they are going to heat © 
treated rails. Though they are both excellent developments, I don’t 7 


think either of them will answer the question as thoroughly as welding © 


because neither will eliminate the joint. All they will do is to make, 
for instance, rail sections weighing 200 lb. per yard to withstand the 


80,000-Ilb. wheel loads. . I think the elimination of joints in the present- '§ 


day rail section will be very much more effective than the increased 
rail weight. 


Mr. H. M. Hobart (General Electric Company): In continuous rail 
can that be associated with lighter rail for given serviceability? 


Mr. Deppeler: I should imagine so, Mr. Hobart. It seems to me 
that to make the rail continuous will eliminate some of the difficulties 
which really are introduced on account of the presence of a joint, and 
possibly a lighter rail will answer the same service. There is, how- 
ever, this much about it: The use of the present rail sections with the 
enormously heavy equipment is only made possible, I believe, because 
of the elasticity of the roadbed. I am talking here about a lot of 
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things which are my personal opinion. I realize that a lot of railroad 
men will probably jack me up in a minute. I am not trying to teach 
them something which they know more about than Ido. We have had, 
for instance, an installation in the main line track in Syracuse, which 
is, as you know, in paved streets. One day’s operation of those enor- 
mously heavy locomotive loads over that rail causes a cold flowing of 
the metal in the head of the rail so that the center of the top of the 
rail on which the wheel load comes moves forward appreciably rela- 
tive to the side portions. We can see this very readily because the 
seam across the head of the rail at the joint, which before traffic was 
put on, extended straight across the head normal to the axis, in one 
day after operation began, the center of this seam had advanced al- 
most % in. ahead of the rest of the seam. There is a cold flow of 
metal in the rail head in the direction of traffic, which has worked the 
whole center of that rail section ahead. That, we feel, is due prin- 
cipally to the inelasticity of the supporting surface. That installa- 
tion is on concrete foundation. I do think that the elastic roadbed is 
an excellent safeguard and is going to make possible the things we 
hope to do which inelastic roadbeds would not allow. 


Chairman Wanamaker: May I ask, Mr. Deppeler, what, if any, 
breakage you have had in the welded joints? 


Mr. Deppeler: In view of Mr. Ryan’s statement, I don’t like to say 
that we haven’t had any, but we haven’t. The difference is this, how- 
ever: Mr. Ryan has talked about an installation of, I think, 20,000 or 
30,000 joints or something like that. What I am talking about is a 
number of very much shorter and smaller installations. We are not 
talking about 30,000 joints. In Germany their records, they claim, 
show no breaks on any of their thermit welded track, although they 
have installed 60,000 or more joints. But that is all hearsay. In this 
country in all of the work we have installed we have had no breaks 
as yet. 

Chairman Wanamaker:. You say the Lehigh Valley had five miles of 
track? 

Mr. Deppeler: Yes. 


Chairman Wanamaker: How long were the continuous welded sec- 
tions? 


Mr. Deppeler: I referred there to an installation in which they had 
come to the same conclusion that we had, and that is the ordinary rail 
joint did not function as an expansion joint. It did for a while but 
quickly rusted and became inoperative. What they have done there is 
this: Instead of using 33-ft. rails they have doubled the length to 66 
ft. They purchased the 66-ft. rails. Then they laid them with their 
heads tight together with reamed and fitted bolts so that there was no 
chance for the miniature expansion at those individual joints. They 
have laid five miles that way. 


On the conclusion that there will be no trouble from expansion, I 
will say that it would make no difference whether those five miles were 
welded or not, that there is no chance for expansion now, and the welded 
ioints would probably be at least as good as the mechanical butted 
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joints they have now. I believe that that installation is a definite 
proof that five miles of track can be laid without any heat expansion 
difficulties. 


Mr. Wanamaker: What was the temperature at the time the Le- 
high Valley rail was laid? 


Mr. Deppeler: The temperature at the time of laying was given in 
the article, 1 presume by Mr. Phillips, and this temperature was 35 to 
40 deg. Fahr. After installation they experienced a hot summer in 
which they had temperatures running over 100 deg., which means rail 
temperatures of about 135 to 140 deg. 


Chairman Wanamaker: Any further discussion or questions? 


Mr. Ryan: With Mr. Deppeler’s permission I should like to add a 
little to the Lehigh Valley installation. I understand this steel was 
laid in the month of March when the weather was quite cold. As all 
track men know, when any rail is laid it moves more or less after it 
is laid. For some little time as fast as any expansion developed they 
closed it up. In other words, as I understand it, and I think Mr. 
Deppeler also knows, they closed up all the expansion that developed 
after they laid it. So it was really just the same as continuous welded 
rail and it went through the summer and winter and was still in good 
shape this year when the report was made. 


Mr. W. O. Freyberg (Ann Arbor, Mich.): According to previous re- 
ports it was evident that the expansion of the rail was limited only to 
the ends, in the case where many rails are welded together. So I un- 
derstand that, if you consider many rails welded together in a line of 
track, only the central part of the stretch is not subject to any ex- 
pansion or contraction from the temperature. If that be so, in this 
middle part, theoretically, must be set up considerable stresses, which 
must weaken to some extent the rail. I should like to get some ex- 
planation on this question. 


Voice from the Floor: Can you give us any idea of the stresses in- 
troduced into the rail itself by the tendency for the rail to expand due 
to temperature change? 


Mr. Deppeler: I think I can give a little information on that. One 
installation, near Berlin, Germany, on the state railway, was an experi- 
mental installation of 1000 ft. of track on freight lines. Alongside of 
this they had 1000 ft. of welded rail lying on rollers, purposely in- 
stalled so as to avoid friction as much as possible. Then they had 
trammarks across between the rail and track so they could examine the 
relative expansion between all parts, from the center to the ends. 
Their data showed that the welded stretch moved only at the ends, that 
the whole center section was stationary during temperature changes, 
and that the actual motion, the actual growth of that entire length of 
rail was noticeable only on the last rail length on each end. So a 
bolted joint was perfectly satisfactory on the end. That bolted joint 
would probably have about twice as much motion as the present bolted 
joint, because that rail length on the end was expanding in one direc- 
tion only instead of in two directions. So far as the introduction of 
stress is concerned, there is absolutely no doubt but that there are 
strains introduced into the rail, tension and compression, but our 
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claim is that they are of no moment. They are not important because 
the real difficulties that a track is subject to are that of fatigue and 
grain growth and similar things due to the constant bending of the 
rail and the constant hammer blows and shocks at the rail joint. Those 
strains and stresses that are introduced that way are much more im- 
portant than any compression or tension in the rail way below the elas- 
tic limit of the rail. One is important and the other is of no impor- 
tance, practically. 


That, of course, has to be proved by experience. We can’t, so far 
as I know, make a test which will prove whether or not it is impor- 
tant. It doesn’t seem to me to be of any real moment. 


Mr. Freyberg: According to previous reports about testing welds 
in fatigue and impact, presented by Professor Thornton and Mr. Jen- 
nings of the Westinghouse Company, the endurance limits were very 
low on welds. So I think the most important test of welded joints of 
rail would be the fatigue test, as a low-endurance limit would shorten 
the life of the rails. If rewelding of broken or aged through fatigue 
welded rail joints might be successfully accomplished, this procedure 
might possibly solve the problem in the case of a low-endurance limit. 


Mr. Deppeler: There is no doubt that fatigue resistance, of course, 
is the most important test. We came to that same conclusion in our 
Bureau of Standards tests. A great deal of the data that you saw in 
Professor Thornton’s paper on fatigue tests was for fusion welds. That 
is like this lower portion. Remember that the fatigue testing of the 
pressure weld was almost equal to the parent metal results. That is 
this upper portion. Really, there is very little localizing of the bend- 
ing force as it comes through here. This section is a little larger than 
the rail section, but very slightly. Although there is a slight ten- 
dency to localize the force here at the outer end, it is so slight that 
the amount of local bending in and near the welded section is only a 
mere fraction of that which you will get in the bolted joint. 


I don’t believe that fatigue is going to bother us a bit. I think we 
are going to eliminate a great deal of the fatigue failures that now ex- 
ist in track. 


Mr. Freyberg: That might not show up at once. 


Have you had any experience, any previous experience in rewelding 
broken welded rail joints? I think that would have a very great in- 
fluence on the maintenance cost of track. 


Mr. Deppeler: The rewelding of broken joints? 


I have had none. I am not bragging. We have had none as yet 
that were broken. I don’t believe they are going to break. You will 
get broken rails, but broken rails probably are due to surface or other 
defects which gradually extend under the impact and bending stresses. 


Mr. Candy: I should like to ask one more question. In that test 
that Mr. Deppeler described, laying one section of the rail out in the 
open and the other welded on the ties, were there any examinations 
made to determine the approximate stress resulting due to the welded 
rail being spiked to the ties? 


Mr. Deppeler: Yes. I have a 20-page report on that which goes 
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into it very thoroughly. There is this conclusion: that the compres- 
sion stresses are less important than the tension stresses, that the 
rail should be welded at a temperature at which the proper compression 
stresses and tension stresses will be introduced; that we should not 
weld, for instance, when the temperature is so low that we will get 
enormous compression stress, or at a temperature that is so high that 
we will get no compression at any time of the year but all tension. 
That would seem as though we were going to be limited a great dea! 
in the welding of railroad track, but that can be gotten around very 
easily. We can get a condition at the joint which will be the same as 
the condition which that average temperature will introduce, because 
we have on here clamps which can open or close the gap and give us a 
condition at the joint which will correspond to the average tempera- 
ture, by forcing the track structure one way or the other. I would 
be very glad, indeed, to have a copy of that paper made. It is very 
complicated, as most of such German calculations are, and it will prob- 
ably be interesting reading for some time to come. 
The strains are unimportant, though. 


Mr. Llewellyn: It seems to me that the data presented may indi- 
cate not so much the development of welding as the elimination of 
welding. The joints that have been described are so efficient that I, 
as one connected with a company producing steel rails, have been 
wondering if we can’t do away with joints entirely. These are the 
days of continuous processes. We have continuous furnaces, we have 
continuous bar mills, and what has been presented suggests a vision 
of a steel mill with larger furnaces, larger heaters, in which we have no 
cooling beds; the freight cars on which the rails will be transported 
are built of steel; they will form our cooling beds. We will roll rail 
continuously, starting from the mills here in Chicago and extending 
in one unbroken line, and possibly laid at the time of rolling, from 
Chicago to San Francisco. (Laughter.) Just one question: What 
are you going to do when you come to the swing bridges? (Laughter 
and applause.) , 


Mr. Deppeler: All we hope to do, Mr. Llewellyn, is to tide over the 
period until your- continuous mills are ready. That will give us quite 
a little welding. 


Mr. John C. Reed (Bethlehem Steel Company): I should like to 
ask Mr. Deppeler what developments have been made along the line of 
equipment for finishing the rail after the weld is made. A few years 
ago I was over in New York where I witnessed a process of butt welding 
rails, a patented process. I don’t remember the inventor, but it con- 
sisted of spacing the two rails probably *% to 1% in. apart. There was 
a mold placed around the gap and the space was filled with a molten 
borax. The current was then passed through the joint until it was 
sufficiently heated, pressure was then applied and a pressure weld 
made. That seemed a very simple matter so far as it went, but from 
there on the equipment was very elaborate. The equipment for grind- 
ing the joint after the weld was made consisted of two cars, and they 
had an annealing car which annealed the pressure weld by means of 
oil burners. Altogether, it seemed as if it was a very elaborate equip- 
ment to use for welding a joint. I would be interested in knowing 
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just what is necessary in this process of welding in the way of an- 
nealing the joint, and in finishing it so it is perfect when completed. 


Question from the Floor: I am familiar with another welding process 
which results in a pressure weld of the entire rail section and in which 
stresses were introduced which made it very necessary to post-heat. 
Do you find post-heating necessary with your weld also? 


Mr. Deppeler: I think we all know the process you refer to in which 
an electric weld is made and borax is used as a resistance medium. 
That is the joint which was tested at the Bureau of Standards and 
showed up so wonderfully in all its properties. 


In making the resistance joint they do have internal stresses because 
of the effect of forcing the rails together, in which the rail head is 
forced upward and the rail base forced downward, introducing on cool- 
ing, a tension stress tending to crack horizontally through the web of 
the rail. The annealing, therefore, is necessary in the butt weld and 
is usually used. I am not so sure whether that will ever be eradicated 
or not. We have no such trouble in the making of our butt welds. It 
is a little different from theirs because this entire bottom section here 
is fusion welded, so that at the time we are forcing the rails together 
here, it is only the head-part that offers any resistance to that forcing 
together. We are really pressure welding a bar, consisting of that head 
portion only. This part down below is all plastic and fusion welded. 


Mr. Reed: May I ask just how you get the heat into the head of the 
rail there? That isn’t quite clear. 


Mr. Deppeler: The Thermit reaction, you know, takes place in a 
mixture or iron oxide and aluminum, the aluminum having a greater 
affinity for oxygen reduces the iron oxide and forms on reaction steel 
and molten aluminum oxide or slag. This slag or alumina is, you 
know, a very refractory material. Now, in the reaction the iron formed 
being heavier, goes to the bottom of the crucible and the slag floats on 
top. The reaction is exothermic and takes place very rapidly, any 
quantity of steel being formed in less than 30 seconds. After reaction 
the steel is tapped from the bottom of the crucible into a mold of this 
kind, the steel coming out of the crucible first will surround the base 
of the rail, giving up its superheat, which is approximately 100 per 
cent, to the fusion welding of the base of the rail, which has been 
thoroughly preheated. The slag alumina or aluminum oxide will then 
surround the head portion, and that slag is two-thirds of the volume 
of the material generated in the thermit reaction. The steel is one- 
third by weight, theoretically. That siag, therefore, gives up its heat 
to the rail head in the same way that the borax, which is so highly 
heated by passing the electric current through the joint that you men- 
tioned, heats the rail head. The rail head in two or three minutes after 
the weld is poured, reaches the pressure welding heat. The heads are 
then forced together by the operation of these clamps. 


Mr. Reed: How much pressure do you have to use to force those to- 
gether? 


Mr. Deppeler: Very little as it reaches the pressure welding tem- 
perature. The wrenches, which are about 4 ft. long (the clamps oper- 
ating by hand), tend to fall of their own weight. There is practically 





eee << - ee ee a 4 ad¢ 





. 


148 JOURNAL OF THE A. W. S&S. [ December 


no resistance to the forcing of the rails together because this head 
area here has reached the temperature at which it is almost plastic. 


So far as the finishing is concerned, we, of course, have a great dea! 
more difficulty in the making of joints in open track than we have on 
the regular street railway track, because there they have power avail- 
able, and we can easily design rotary grinders or reciprocating grinders 
to run along a track of that kind and finish the heads. On the open 
track we have to depend upon whatever power we can bring out. We 
therefore, have gasoline-driven grinders which we can use. At first, at 
least, we had had to adopt the German practice of hand finishing. It 
gives the most perfect results you could possibly imagine, and it is 
not as difficult as it might seem, because the upset in the rail head is 
very slight at the joint. It may come up % in. but it doesn’t extend 
back very far. There is really not very much excess metal to remove. 
They have developed a file similar to a Vixen file with curved teeth, 
and another file in which there are straight teeth with a curved wave 
line extending through to throw the chips aside. That Vixen file 
is operated in a two-handle holder. Two men, one on each side of the 
joint, sit astraddle of the rail and pull it back and forth. It is a very 
short operation. It takes about 15 minutes to remove the excess 
metal. Another file is made to remove the excess metal from the gage 
face. The only finishing we need do is that on the head, the running 
surface, and the gage face. It is really not as difficult as it may seem, 
although it looks crude to those of us who are used to automatic 
machinery. This is true also in the shaping of the rail heads and 
the machining of the gap before welding. But this is very easily ac- 
complished with modern tool steels by means of this little hand oper- 
ated equipment. It is a very handy device because the shaping tool 
goes through between the rail heads one way, and it is then reversed 
and comes back and cuts in the other direction like that. I forget 
the exact time, but I should say it takes about 3 to 4 minutes. The two 
rail heads are machined down to a point an inch below the head por- 
tion. None of the processes is cumbersome at all. It is too bad we 
can’t make them a little more automatic. We would be able to if we 
had power, but they won’t give it to us. 


Chairman Wanamaker: I might ask Mr. Deppeler has any plan 
been formulated for endeavoring to get test sections of track welded 
up in this manner? 


Mr. Deppeler: That is entirely in the hands of the engineer on the 
railroad. We are anxious to do it. We are ready to go ahead and co- 
operate to any extent. His difficulty is in being a pioneer. He would 
rather have somebody else do the pioneering. He sees the advantage 
and opportunity of this work in tunnels, because without the rail joint, 
with its bolts and plates and everything else, he eliminates a great deal 
of corrosion difficulties and so on. He is willing to try it in certain 
cases, highway crossings and things of that kind, but he is a little bit 
afraid yet to be a pioneer in installing some on the main line track. 
Whether tests on sidetracks or seldom-used tracks would be of any 
value is another question because there you haven’t your operating 
stress. You have expansion and so on, but you won’t have any oper- 
ating stresses to add to your expansion factor. 
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Chairman Wanamaker: Is there anybody else? If not, Mr. Dep- 
peler, we thank you very kindly for this excellent presentation and will 
proceed to our next paper. 


Mr. Peasley, you are, I believe, going to read the paper of Mr. Ber- 
gunthal of the Southern Pacific. 


Discussion paper on “Reclamation of Battered and Worn Ends on 
Railroad Track.”+ 


Mr. Peasley read the prepared paper of Mr. Bergunthal. (Applause.) 


Mr. Peasley: Mr. Bergunthal has taken a moving picture of the en- 
tire building up of battered rail ends and joints. That will be avail- 
able very shortly through the General Electric Company. If any- 
body cares to see the picture he can have it, complete with projector 
and everything, at any time he likes. 


Chairman Wanamaker: We wish to thank you very much for read- 
ing Mr. Bergunthal’s paper, Mr. Peasley. I regret very much that Mr. 
Bergunthal was unable to be here to present the paper and answer the 
many questions that no doubt would be asked on this subject. I feel 
that it was a most excellent paper, indeed, and the Southern Pacific 
have had apparently a great deal of experience in this work. Speak- 
ing for one railroad man I hope that it enables me to make a nice trip 
to California during the winter weather so that I can personally see 
what he has done. 


Mr. Gannett, I believe you had something to say. Maybe you might 
go to California with me. 


Mr. H. E. Gannett (Chicago, Burlington & Quincy Railroad): There 
are two points in particular in the paper that I should like to mention. 
The first one is: I hesitate a whole lot to talk about costs of building 
up rail ends because there are so many different conditions involved, 
and there aren’t any data that I can see in the paper that would give 
any basis for estimating the prices. I just want to say one thing in 
this connection. If you will reverse the costs, they will be just about 
our experience with the cost between arc and gas welding. 


The other point is that in this paper the author has practically wiped 
aside the acetylene welding of rail ends. I assume that action is based 
on quality. There certainly appears to be a discrepancy somewhere. 
I have here a bulletin of the American Railway Engineering Asso- 
ciation. They made a study in connection with the oxy-acetylene weld- 
ing and are welding of rail ends. Mr. C. R. Harding, assistant to the 
President of the Southern Pacific, is a member of this committee. In 
Exhibit A, shows the hardness test on oxy-acetylene welded rail, and in 
every instance the rail shows that the oxy-acetylene welding was harder 
than the are welding of rail ends. I assume that some of those tests 
were made on the Southern Pacific. 


A comparison of the tests is as follows: I will read the averages 
of oxy-acetylene as against the arc. The average, 1% in. back from the 
end on top of the rail, in Brinell was: Oxy-acetylene, 259; are weld- 
ing, 229; 1 in. back of the rail joint: oxy-acetylene, 253; arc, 235; 2 in. 





+Paper published in the September, 1930, issue Journal of the A. W. S. 
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back: oxy-acetylene, 259; arc, 237. It is practically the same all the 
way through. 


In this article the author refers to the hardness, his attitude being 
that oxy-acetylene was so soft that it was inferior. 


We have welded on the Burlington Railroad over a million rail ends. 
That is in comparison with what the paper reads. We have had no 
trouble that I know of that you could call real trouble. We have had 
occasions where the joints weren’t exactly proper, more due to the 
operator than anything else. Individual tests that we have made on 
the comparative values of oxy-acetylene and arc indicate in every in- 
stance oxy-acetylene is a much better quality weld. The figures in the 
table put out by the sub-committee of the A. R. E. A. check almost 
perfectly with the figures which we obtained in our laboratory and on 
experiments we made on rail ends in the field. 


As a matter of fact, we are using a rod that contains chromium and 
our Brinell hardness tests run up to 332. The best we were able to 
get with the arc welding rod has been 279. We have made some tests 
also of joints that have been welded on other railroads by a represen- 
tative company. In sending them through the laboratory they advised 
us that the arc set up a condition of checks underneath the added 
metal, and that the arc weld is inferior to the oxy-acetylene weld in 
quality. 

I do not know what experience other roads have had and would 
like to hear from them. 


Chairman Wanamaker: Is there any other discussion of this sub- 
ject? I might say that there has been a great deal of difference be- 
tween different railroads, not only as to the process but as to the value 
of the process. It hasn’t been, as near as I could learn, anywhere near 
universally adopted by the railroads. Apparently it behooves some of 
us to pay a visit to both the Burlington and the Southern Pacific to 
find out what is going on. 


What are the reasons that it hasn’t been more widely adopted? Can 
anybody throw a little more light on that phase of the situation? Is 
it because we doubt the figures and reports that individual railroads 
have to offer? 


Mr. Gannett: Mr. Chairman, in welding up battered rail ends all 
you can hope to do is to make a run off across the joint. There are 
different types of joints to be welded, primarily four: Equal batter, 
unequal batter, bent joints and high and low joints. We found in 
actual practice in trying the arc welding process that it was necessary 
to weld from 40 to 60 per cent longer and farther back to be able to 
grind it. We put on an average deposit of metal as thin as we could, 
averaging 0.7 Ib. to the joint. On this very same line, rail on the same 
track, we used the oxy-acetylene method and used only 0.07 lb. per 
joint, and the run off was perfect. We had to grind almost all of the 
are deposited metal off in attempting to smooth the deposit and make 
the run off. 


Chairman Wanamaker: I guess we will agree that in are welding 
they have to grind almost all of it off. 
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Mr. Lampin (Railway Supply Company): Was any attempt made to 
take care of the wear under the head of the rail? 


Mr. Gannett: No. 


Mr. Service: Mr. Wanamaker, may I ask through you what grade of 
carborundum wheel gives the best results in grinding that type of 
weld? 

Mr. Gannett: We have been using a 20-grain Norton Aluminum 
grinding wheel. 


Chairman Wanamaker: Anybody else? If not, Mr. Peasley, and if 
you have no more to say, we will thank you very kindly for reading the 
paper. 


Gentlemen, I think we have had a most interesting session and have 
had some most excellent papers. Is Mr. Doyle in the room? I believe 
he had some announcements he wanted to make before we adjourned. 


Mr. Service: Do any of the members have any data as to the use of 
the carborundum wheels? 


Chairman Wanamaker: We asked that question and we didn’t get 
any replies. I guess nobody knows. You will have to wait until 
some other time, that is all. 


Mr. Doyle does not happen to be about in order to close the meeting, 
so I am going to ask my good friend, Mr. McCune, to close this session. 


Mr. McCune: I don’t want to close this. I think Mr. Wanamaker 
should close it. As to announcements, there is only one announce- 
ment. I thought you might like to know that it has been decided that 
our next meeting and exhibition will take place in the city of Boston at 
about this same time next year. 


Chairman Wanamaker: Then, gentlemen, permit me to express my 
sincere gratification that I was able to get here for the last day if not 
any sooner. I have enjoyed the privilege that was accorded to me by 
the officers of the American Welding Society and for your good nature 
in attending here while I presided I thank you very kindly. 

The meeting adjourned at 1 o’clock. 
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Leverick. Indus. Chemist (Lond.), Vol. 6. No. 70 (November, 1930), pp. 448- 
451. Features of welded equipment in chemical plant and general discussion of 
various systems and welds. 

Chromium-Nickel Alloys—Welding. Production Welding of Chrome-Nicke! 
Alloys. W. J. Wachowitz. Welding Engr. (October, 1930), Vol. 15, No. 10, pp. 
48-44. Methods of welding of chrome-nickel alloys for dairy, chemical, laun- 
dry, cannery and packing industries. 

Chromium Steel—Forging. Heat Contro] Is Important in Working Chro- 
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mium Steels. E. C. Smith. Steel (Oct. 16, 1930), Vol. 87, No. 16. Spot weld- 
ing methods in which welding periods have been cut to nearly 1/1000 of second 
producing weld without damage to corrosion resisting properties. ; 

Chromium Steel Welding. Oxy-Acetylene Welding of Strip Chromium Al- 
loys. W. B. Miller. Automotive Industries (Dec. 6, 1930), Vol. 63, No. 23, 

. 832. 
¥ Columns, Concrete-Testing. Reinforced Concrete Column Investigation. W. 
A. Slater. Am. Concrete Inst. Jnl. (October, 1930), Vol. 2, No. 2, p. 221. 

Columns, Concrete—Welded Reinforcement. Tests of Columns Reinforced 
with Welded High-Grade Steel (Versuche an Saeulen mit geschweisster hoch- 
wertiger Stahlbewehrung). R. Saliger. Beton und Eisen (Berlin), Vol. 29, 
No. 17 (Sept. 5, 1930), pp. 310-315. 

Columns, Steel, Welded. Stress Distribution in Welded Steel Pedestals. J. 
H. Edwards, H. L. Whittemore and A. H. Stang. U. S. Bur. Standars Jl. Re- 
search (October, 1930), Vol. 5, No. 4, pp. 803-811. 

Containers for Shipment—Welding. Report of the Committee on Welded 
Containers. Welding Jl. (Lond.), Vol. 27, No. 325 (October, 1930), pp. 308-319. 

Containers for Shipment—Welding. Welded Containers. Engineering 
(Lond.), Vol. 130, No. 3377 (Oct. 3, 1930), p. 435. 

Copper Welding. Mech, World (Manchester), Vol. 88, No. 2271 (July 11, 
1930), pp. 31-32. 

Copper Welding. Gas-Welded Copper. Am. Mach. (Nov. 20, 1930), Vol. 73, 
No. 21, pp. 819-820. 

Electric Equipment. Siemens Jahrbuch, 1930. Berlin, V.D.1. Verlag, 1930, 
562 pp. 

Electric Generators—Design. Self-Exciting Welding Generator. B. T. 
Kassyanov. Electrichestvo (Moscow), No. 14, 1930, pp. 591-596. 

Electric Machinery—Welding. Electric Welding and Its Applications in the 
Manufacture of Electric Machinery (La soudure electrique et ses applications 
dans la construction des machines electriques), Taphanel and Weber. Revue 
d’Electrictie et de Mecanique (Paris), No. 13 (September-October, 1930), pp. 
19-34. 

Electric Welding. E. W. Lewis. Elec. Rev. (Lond.), Vol. 107, No. 2760 
(Oct. 17, 1930), pp. 614-616 

Electric "Welding, Are Application of Electric Arc Welding to Building 
and Machine Construction. J. M. Hipple and G. D. Fish. Eng. and Finance 
(October, 1930), Vol. 23, Nos. 4 and 5, and November, pp. 145 and 158. 

Electric Welding, Are. Built-Up Welding with Electric Arc (Auftrag- 
schweissung mit dem elektrischen Lichtbogen). K. Tewes. Giesserei-Zeitung 
(Berlin), Vol. 27, No.21 (Nov. 1, 1930), pp. 585-589. 

Electric Welding, Arc. Effect of Nitrogen on Electric Arc Fusion Welding 
(Einfluss des Stickstoffes bei der elektrischen Lichtbogen-Schmelzschweissung), 
J. Fuchs. V.D.I. Zeit. (Berlin), Vol. 74, No. 46 (Nov. 15, 1930), pp. 1569-1572. 

Electric Welding, Are. Mechanical Properties of the A. C. Weld (Die 
mechanischen Eigenschaften der Wechselstromschweisse). W. Schueller. Elek- 
troschweissung (Braunschweig), No. 11. (November, 1930), pp. 220-222. 

Electric Welding, Arc. Shrinking Stresses and Their Observation in Are 
Welding (Ueber Schrumpfspannungen und deren Beachtung beim Lichtbogen- 
schweissen). Lottmann. Elektroschweissung (Braunschweig), No. 11 (No- 
vember, 1930), pp. 205-214. 

Electric Welding, Arc—Atomic Hydrogen. Atomic-Hydrogen Are Welding 
According to Langmuir System (Das Arcatomschweissverfahren Lichtbogen- 
Schutzgasschweissung in dissoziiertem Wasserstoff nach Langmuir). S. San- 
ra Elektroschweissung (Braunschweig), No. 11 (November, 1930), pp. 

Electric Welding, Are—Atomic Hydrogen. Welding with Atomic Hydrogen 
ae S. Martin, Jr. Welding (November, 1930), Vol. 1, No. 13, pp. 905-909 
an ‘ 

Electric Welding, Arc, Automatic. Automatic Arce-Welding Economies, G. 
H. Koch. Am. Mach. (Oct. 16, 1930), Vol. 73, No. 16, pp. 621-623. Advantages 
of automatic process in welding pipes and plates; welding speeds and current 
density; continuous welds may be made with automatic welding head in 14 to 
1/6 time required by expert manual welder. 6 

Electric Welding, Arc, Automatic. The Future of Automatic Are Welding 
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in the Boiler Industry. G. H. Koch. West. Machy. World (September, 1930), 
Vol. 21, No. 9, pp. 389-390, and October, No. 10, pp. 434-437. 

Electric Welding, Arc—Electrodes. Influence of Covered Electrodes on 
Strength of Welds ‘Untersuchungen Ueber den Einfluss von Umwicklungen der 
Schweisstaebe auf die mechanischen festigkeitseigenschaften der Schweisse). 
K. Baumgaertel. Forschungsarbeiten auf dem Gebiete des Ingenieurwesens 
(Berlin), No. 336, 1930, 33 pp. 

Electric Welding, Arc—Shrinkage Stresses. Shrinkage Stresses in Arc 
Welding (Schrumpfspannungen und deren Beachtung beim _Lichtbogen- 
schweissen). Lottmann. V.D.T. Zeit. (Berlin), Vol. 74, No. 46, (Nov. 15, 1930) 
pp. 1560. 

Electric Welding, Arc—Testing. Army Arsenal Tests Experimental Welds. 
J. B. Rose. Welding (October, 1930), Vol. 1, No. 12, pp. 832-834. Experimental 
data on physical characteristics of welds made on various plates, with various 
electrodes; tables give data on composition of electrodes and tensile Charpy 
tests in foot pounds; results obtained by testing three thicknesses of structural 
nickel steel; tests on Upton-Lewis fatigue testing machines. 

Electric Welding, Arc—Testing. Develops New Technique in Electric Arc 
Welding. J. D. Knox. Steel (Oct. 9, 1930), Vol. 87, No. 15, pp. 62 and 65. 

Electric Welding Machines. Development of Welding Equipment Accord- 
ing to Langmuir Process in America and Germany (Die Entwicklung der 
Schweissgeraete nach dem Langmuir-Verfahren in Amerika und Deutschland). 
S. Sandelowsky. Elektrotechnische Zeit. (Berlin), Vol. 51, No. 58 (Nov. 27, 
1930), pp. 1649-1652. 

Electric Welding Machines. Electric Butt Welding Machine in Repair Shops 
(Die elektrische Stumpfschweissmaschine in der Reparaturweksiatt). J. Sauer. 
Bergbau (Gelsenkirchen), Vol. 43, No. 44 (Oct. 30, 1930), pp. 650-652. 

Electric Welding Machines. Electric Welding Equipment. Elec. Rev. 
(Lond.), Vol. 107, No. 2760 (Oct. 17, 1930), pp. 652-655. Also in Oct. 24 issue, 
pp. 707-708. 

Electric Welding Machines. “Hansa-Rotrans” Three Phase Are Weldinz 
Machine (Drehstrom-Lichtbogen-Schweissmaschine “Hansa-Rotrans”). Zeit. 
— die Gesamte Giessereipraxis (Berlin), Vol. 51, No. 44 (Nov. 2, 1930), pp. 

87-389. 

Electric Welding Machines. Heavy Duty Butt Flash Welding Machines. 
Engineer (Lond.), Vol. 150, No. 3905 (Nov. 14, 1930), p. 540. 

Electric Welding—United States. Electric Welding in America. M. Yaga- 
saki. Soc. Naval Architects Jl. (Tokyo), Vol. 46 (October, 1930), pp. 5-13. 

Gas Plants—Welding. Electric Welding Practice in Gasworks. H. E. Grove. 
Gas. Engr. (Lond.), Vol. 46, No. 7, Vol. 47, Nos. 1, 2, 3, 4, 5, 6, 8 and 9, 
December, 1929,pp. 382-383; January, 1930, pp. 35-36; February, pp. 86-88; 
March, pp. 121-124; April, pp. 205 and 207; May, pp. 247-249; June, pp. 315-317; 
July, pp. 426-429; August, pp. 485-487, 66 figs. December: Welding program 
of Metropolitan Gas Co., Melbourne. January: Examples of electric welding. 
February: Tests. March-April: Gas holders. May: Retort houses; coke con- 
veying plant. June: Coke conveyors and bunkers. July: Conveyor details; 
costs. “August: Coal viaduct; costs; 10 gage electrode is best size for ordinary 
steel sections. 

Gas Welding for Gas Systems. L. A. Kirsch. Acetylene Journal (December, 
1930), Vol. 32, No. 6, pp. 208-210. Changing methods of gas distribution are 
easily taken care of by the oxy-acetylene process with many operating econo- 
mies noted. 

Gas Welding in Sand Quarry. Acetylene Journal (November, 1930), Vol. 32, 
No. 5, pp. 166-168. 

Gases—Containers for Shipment. Report of Committee on Welded Contain- 
ers. Dept. Sci. and Indus. Research (Lond.), June, 1930, 51 pp., 36 figs. partiy 
on supp. plates. p 

Gases—Containers for Shipment. Welded Containers. Iron and Coal Trades 
Rev. (London.), Vol. 121, No. 3264 (Sept. 19, 1930), p. 424; see also Foundry 
Trade Jl. (Lond.), Vol. 43, No. 738 (Oct. 9, 1930), p. 254. 

Industrial Plants, Welded Steel. An All-Welded steel Structure in Prague 
(Eine vollstaendig geschweisste Stahlkonstruktion in Prag.). F. Faltus. 
Stahlbau (Berlin), Vol. 3, No. 13 (June 27, 1930), pp. 153-156. 

Iron—Welding Properties. Weldability of Iron (Ueber die Presschweissbar- 











1930] CURRENT WELDING LITERATURE 155 


keit des Eisens). H. Esser. Stahl und Eisen (Duesseldorf), Vol. 50, No. 43 
(Oct. 23, 1930), p. 1500. Brief abstract of paper previously indexed from 
Archiv fuer das Eisenhuettenwesen, October, 1930. 

Iron—Welding Properties. Weldability of Iron (Ueber die Presschweissbar- 
keit des Eisens). H. Esser. Archiv fuer das Eisenhuettenwesen (Duessel- 
dorf), Vol. 4, No. 4 (October, 1930), pp. 199-206. ; 

Iron and Steel Plants—Welding. Welding in Steel Plants (Schweissen in 
Huettenwerken). Adran. V.D.1. Zeit. (Berlin), Vol. 74, No. 19 (May 19, 
1930), pp. 610-611. tou 

Jigs and Fixtures, Welded. Assembles Jigs and Fixtures by Arc Welding. 
J. R. Weaver. Steel (Oct. 23, 1930), Vol. 87, No. 17, pp. 54-55. 

Jigs and Fixtures, Welded. Welded Tooling Reduces Shop Costs. C. C. 
Schoen. Welding Engr. (November, 1930), Vol. 15, No. 11, pp. 35-37. 

Locomotive Repair Shops—Welding. Railroad Shops Save by Welding. J. 
C. Coyle. West. Machy. World (November, 1930), Vol. 21, No. 11, pp. 489-491. 

Locomotive Repair Shops—Welding. Welding Practice in the C. B. & Q. 
Railway Shops. J. C. Coyle. Welding (October, 1930), Vol. 1, No. 12, pp. 
820-823. 

Machinery, Welded. Stress Relieving Improves Welded Machine Parts. G. 
D. Spackman. Steel (Nov. 20, 1930), Vol. 87, No. 21, pp. 62-63. 

Machinery, Welded. The Replacement of Castings by Welding. P. L. Rob- 
erts. Welding Jl. (Lond.), Vol. 27, No. 325 (October, 1930), pp. 297-302. Also 
in Machy. Market (Lond.), No. 1567, Nov. 14, 1930, pp. 19-20. 

Metals—Hard Facing. Economies Result from Welded-on Overlays and Heat 
Treatment. Iron Age (Nov. 13, 1930), Vol. 126, No. 20, pp. 1370-1371 and 
1437-1438. 

Metals Cutting. Application of Autogenous Cutting of Structural and Alloy 
Steels (Ueber das autogens Schneiden von Baustaehlen und legierten 
Staehlen). W. Teuscher. Autogene Metallbearbeitung (Halle), Vol. 23, No. 19 
(Oct. 1, 1930), pp. 303-306. 

Metals Fatigue. Fatigue Resistance of Welded and Non-Welded Cast and 
Rolled Materials (Die Dauerfestigkeit ungeschweisster und geschweisster Guss 
und Walzwerkstoffe). W. B. Bartels. V.D.I. Zeit. (Berlin), Vol. 74, No. 41 
(Oct. 11, 1930), pp. 1423-1426. 

Non-Ferrous Metals—Welding. Fusion Welding of Non-Ferrous Metals 
(Schmelzchweissen der Nichteisenmetalle). H. Korzinsky. Werkstattstechnik 
(Berlin), Vol. 24, No. 21 (Nov. 1, 1930), pp. 577-580. 

Oxyacetylene Cutting Machines. Automatic Oxy-acetylene Cutting in Ma- 
chine Building. D. E. Roberts. Machy. (N. Y.), Vol. 37, No. 3 (November, 
1930), pp. 161-164. 

Oxyacetylene Welding. Efficiency of Cleaning Materials for Acetylene and 
Effect of Phosphorus and Hydrogen-Sulphide Content in Acetylene Upon 
Welded Seams (Ueber die Wirksamkeit Heinigungsmassen fuer Acetylen und 
den Einfluss des Phosphor und Schwefelwasserstoffgehalts im Acetylen auf die 
Schweissnacht}). P. D. Holzhaueser. Autogene Metallbearbeitung (Halle), 
Vol. 23, No. 18 (Sept. 15, 1930), PP. 286-296. 

Oxyacetylene Welding. Tenth International Congress of Acetylene, Auto- 
genous Welding and Allied Industries, at Zurich, July 9-12. Welding J). 
(Lond.), Vol. 27, No. 325 (October, 1930), pp. 303-307. Abstracts of papers by 
J. Baillaud, D. Seferian, H. Melhardt, C. F. Keel, M. Ros, M. A. Desgrandes, C. 
Bottini, A. Fraenkel, R. Sarazin, C. Simon, H. Gerbeaur. 

Oxyacetylene Welding. Welding Instead of Casting (Schweissen an Stelle 


von Giessen). H. Holler. Autogene Metallbearbeitung (Halle), Vol. 23, No. 19 
(Oct. 1, 1930), pp. 299-302. 


_ Oxyacetylene Welding—Accident Prevention. Safety Engineering Problems 
in Oxyacetylene Weldin 


. (Sicherheitstechnische Fragen bein Azetylenschweis- 
na V.D.I. Zeit. (Berlin), Vol. 74, No. 46 (Nov. 15, 1930), pp. 


Oxyacetylene Welding—Flame Temperature. Welding Facts and Figures. 
D. Richardson and E. W. Birch. Welding Jl. (Lond.), Vol. 27, No. 324 (Sep- 
tember, 1930), pp. 262-264. Characteristics of oxyacetylene flame and its 
proper adjustment for various purposes; graph illustrates relation between 
temperature and proportion of gases. 


Pipe—Oxyacetylene Welding. Welding of Pipe Lines in Domestic Installa- 
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tions (Schweissverbindungen von Rohrleitungen bei Hausinstallationen). C. 
F. Keel. Zeit. fuer Schweisstechnik (Journal de la Soudure) (Zurich), Vol. 20, 
No. 9 (September, 1930), pp. 294-299. ; 

Pipe, Steel—Electric Welding. Electrically Welded Steel Water Pipe. W. 
H. Powell. Can. Engr. (Toronto), Vol. 59, No. 19 (November, 1930), pp. 
599-604. Description of methods used in making and testing of 50,000 ft. of 
pipe in British Columbia for Greater Vancouver water district’s system; butt- 
weld and lap-weld tests; fitting pipe sections; manufacturing pipe bends; hand- 
— = machine-weld tests; Tpdirectatic test; pipe diameters varied from 

to in. ; 

Pipe, Steel—Manufacture. The Development of Electrically Welded Pipe. 
J. W. ill. Oil Bul. (October, 1930), Vol. 16, No. 10. pp. 1048-1050. 

Pipe Lines—Electric Welding. Electric Welding in Construction of High- 
Pressure Pipe Lines (Elektroschweissung beim bau von Hochdruck-Rohr- 
leitungen). R. Haspel. Elektroschweissung (Braunschweig), No. 10 (October, 
1930), pp. 190-193. : 

Pipe Lines—Oxy-Acetylene Welding. Oxwelding for Overland Pipe Lines. 
Can. Engr. (Toronto), Vol. 59, No. 22 (Nov. 25, 1930), pp. 661-666. 

Pipe Lines—Welding. High and Low Pressure Welded Pipe Lines. E. R. 
Benedict. Welding (November, 1930), Vol. 1, No. 13, pp. 913-914. 

Pipe Lines—Welding. The Welding of Large Diameter Pipe Lines. W. P. 
Graham. Gas Age-Rec. (Oct. 4, 1930), Vol. 66, No. 14, pp. 515-517. Disad- 
vantages of welded points on straight-end beveled pipe and ordinary slip joint; 
development of Smith bell and spigot with dam; development of double bell 
and joint; expansion joint, with and without sleeve. 

Pipe Welding. What I Think of Pipe Welding. F. Amend. Heat. and 
Piping Contractors Nat. Assn.—Official Bul., Vol. 37, No. 10 (October, 1930). 
p. 329. Typical example of reaction of most journeymen to welding; wide ap- 
plication of pipe welding in industrial plants. 

Pipe Welding Specifications and Standards. Heat. and Vent. (October, 
1930), Vol. 27, No. 10, pp. 112-115. Revised specifications and complete speci- 
fications as approved by Heating and Piping Contractors National Association. 
Also November. 

Pressure Vessels—Welding. Proposed Specifications for Fusion Welding of 
Le inate Vessels. Mech. Eng. (December, 1930), Vol. 52, No. 12, pp. 
1096-1101. 

Pressure Vessels—Welding. The Fusion Welding of Pressure Vessels. En- 
gineer (Lond.), Vol. 150, No. 3900 (Oct. 10, 1930), p. 393. Review of commit- 
tee report issued by Institute of Mechanical Engineers. 

Quarries and Quarrying—Equipment Welding. Welding and Cutting Reduce 
Plant Cost in Pit and Quarry Industries. R. Tull. Pit and Quarry (Oct. 22, 
1930), Vol. 21, No. 2, pp. 52-54. 

Railroad Maintenance of Way—Welding. Arc Welding in Track Main- 
tenance, Canadian Pacific Railway. Can. Ry. and Mar. World (Toronto), No. 
393 (November, 1930), pp. 683-684. 

Railroad Repair Shops—Electric Welding. Report on Electric Welding 
Equipment. Ry. Elec. Eng. (October, 1939), Vol. 21, No. 10, pp. 326-328. 

ilroad Repair Shops—Electric Welding. Report on Electric Welding and 
Industrial Heating. Ry. Elec. Engr. (October, 1930), Vol. 21, No. 10, pp. 319- 
325 and 338. 

Railroad Repair Shops—Welding Practice. General Railroad Welding. G. 
H. Gjertsen. Welding Engr. (November, 1930), Vol. 15, No. 11, pp. 47-48. 

Rails—Are Welding. C. P. R. Uses Are Welding to Build Up Battered Rail 
Ends. Elec. News (Toronto), Vol. 39, No. 23 (Dec. 1, 1930), pp. 45-47. 

Rails—Electric Welding. Application of Electric Butt-Fusion Welding Sys- 
tem in Railroad Track Construction (Anwendung des elektrischen Stumpf- 
Abschmelz-Schweifsverfahrens beim Eisen-Oberau). J. Otto. Glasers Analen 
(Berlin), Vol. 107, No. 7 (Oct. 1, 1930), pp. 95-96. 

Rails—Welding. Battered Rail Ends Ruilt Up by Arce Welding. Contract 
Rec. (Toronto), Vol. 44, No. 49 (Dec. 3,7 4), pp. 1499-1501. 

a ee Development and Present Status of Rail Welding. M. 
Reiter. Organ fuer die Fortschritte des Eisenbahnwesens (Berlin), Vol. 85, 
Nos. 18 and 19 (Sept. 15, 1930), pp. 398-405, and (Oct. 1), pp. 419-432; see also 
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abstract in Stahl und Eisen (Duesseldorf), Vol. 50, No. 45 (Nov. 6, 1930), pp. 
1585-1587. 

Rails—Welding. Reducing Railroad Maintenance. L. C. Ryan. Acetylene 
Ji. (November, 1930), Vol. 32, No. 5, pp. 161-163. J 

Rails—Welding. Welding and Grinding Rails and Joints. H. H. George. 
Aero. (November, 1930), Vol. 21, No. 11, pp. 683-686. ; 

Reconditioning Railway Bridges by Electric Welding. Mechanical and Weld- 
ing Engineer. H. J. Johnston. Mech. and Weld. Engr. (Sept. 20, 1930), Vol. 4, 
No. 9, pp. 308-309. 

Rivets—Electric Cutting. Removing Rivets with Arc on the C. & O., C. W. 
Bebout. Welding (November, 1930), Vol. 1, No. 13, pp. 895-896. 

Saving by Welding Rail Ends. S. E. Tracy. Acetylene Journal (December, 
1930), Vol. 32, No. 6, pp. 195-198. The Oxy-Acetylene process secures greatest 
‘economy in removing batter, but the area to be built up must be carefully indi- 
cated. 

Sheet Iron—Welding. Quality of Welded Seams of Sheet Iron. G. Oehler. 
Werkstattstechnik (Berlin), Vol. 24, No. 20 (Oct. 15, 1930), pp. 549-553. 

Sheet Metals—Welding. Joining Light-Gage Sheet Metal by Arc Welding. 
T. E. Jerabek. Iron Age (Nov. 6, 1930), Vol. 126, No. 19, pp. 1309-1310. 

Shipbuilding—Welding. Contribution to Electrode Problem. T. Rosskpf 
and E. Fromme. Elektroschwessung (Braunschweig), No. 10 (October, 1930), 
pp. 196-198. 

Shipbuilding—Welding. How Germany Has Successfully Developed the 
Welded Ship. Mar. News (Lond.), Vol. 17, No. 5 (October, 1930), pp. 95-97. 

Stainless Steel—Welding. Welding of Rustless Steels Is Making Progress. 
L. W. Hostettler. Iron Age (Nov. 13, 1930), Vol. 126, No. 20, pp. 1376-1377. 

Steam Pipe Lines—Welding. Arc Welding and How It Has Been Applied 
to Plumbing and Heating. F. Davis. Domestic Eng. (Nov. 1, 1930), Vol. 133, 
No. 3, pp. 67-68. 

Structural Steel—Are Welding. Arc-Welding for High Structures; G. D. 
Fish. West. Machy. World (November, 1930), Vol. 21, No. 11, pp. 486-488. 


Structural Steel—Electric Welding. Influence of Current in Are Welding 
Soft Steel. N. Lefring. Forschungsarbeiten auf dem Gebiete des Ingenieur- 
wesens (Berlin), No. 332, 1930. 


Structural Steel—Electric Welding. Welding Alloy Steels Improves Ord- 
nance. Metal Progress (November, 1930), Vol. 18, No. 5, pp. 68-74. 


Structural Steel—Oxyacetylene Welding. Oxyacetylene Welding of Struc- 
tural Steel. C. F. Keel. Zeit. fuer Schweisstechnik (Journal de la Soudure) 
(Zurich), Vol. 20, No. 9 (September, 1930), pp. 286-294. 

Structural Steel Welding. Arc-Welding in Construction Work. J. B. George. 
Elec. Jl. (October, 1930), Vol. 27, No. 10, pp. 576-578. 

Structural Steel Welding. First Large Building in Canada to Be Elec- 
trically Welded. H. B. Hanna. Contract. Rec. (Toronto), Vol. 44, No. 44 (Oct. 
29, 1930), pp. 1357-1361. 

Structural Steel Welding—Germany. Progress in Structural Steel Welding. 
crete V.D.I. Zeit. (Berlin), Vol. 74, No. 46 (Nov. 15, 1930), pp. 1575- 
; Structural Steel Welding. Steel Construction by Welding in 1929. O. Bondy. 
Stahlbau (Berlin), Vol. 3, No. 14 (July 11, 1930), pp. 160-166. 

Structural Steel Welding. Tall Structures Can Be Arc-Welded. G. D. Fish. 
Elec. Jl. (November, 1930), Vol. 27, No. 11, pp. 632-635 and 659. 


Structural Steel Welding. The Application of Electric Welding to the 
Strengthening and Erection of Steel Structures. E. P. S. Gardner. Jr. Instn. 
Engrs. Jl. (Lond.), Vol. 40, part. 12 (September, 1930), pp. 519-533. 

Structural Steel Welding. The Field of Welding. E. Gossow. Eng. Progress 
(Berlin), Vol. 11, No. 10 (October, 1930), pp. 261-267. 

Structural Steel Welding. Welding Structural Steel Today. A. T. North. 
Arch, Forum. (October, 1930), Vol. 53, pt. 2, No. 4, pp. 499-506, 

Structural Steel Welding—Germany. Structural Electric Arc Welding and 








158 JOURNAL OF THE A. W. 58. [December 


Laboratory Testing of Welds. R. Gerhart and H. Treimer. Bauingenieur 
(Berlin), Vol. 11, No. 35 (Aug. 29, 1930), pp. 595-597. 

Structural Steel Welding—Testing. Fatigue Strength of Welded Steel Joints. 
W. Hoffmann. V.D.I. Zeit. (Berlin), Vol. 74, No. 46 (Nov. 15, 1930), pp. 1561- 
1564. 


Superheaters—Electric Welding. Destruction Test of an Electrically Welded 
Superheater Drum. O. L. Cox. Mech. Eng. (December, 1930), Vol. 52, No. 
12, pp. 1063-1064. 

Tanks—Welding. Welded Heat Storage Tank. C. Commentz. Power Plant 
Eng. (December, 1930), Vol. 34, No. 23, pp. 1371-1372. 

Water Pipe Lines—Welding. Welded Steel Water Main Constructed for 
San Diego. Water Works Eng. (Nov. 19, 1930), Vol. 88, No. 24, p. 1734. 

Welded Joints. Tests of Combined Action of Riveted Joints with Welded 
—_— H. Kayser. Stahlbau (Berlin), Vol. 3, No. 13 (June 27, 1930), pp. 
145-147. 

Welded Joints—Design. Test Results of Welded Misco Joints. W. A. Hakin. 
Welding (November, 1930), Vol. 1, No. 13, pp. 910-912. 

Welded Joints—Strength. Strength and Structure of Built-UpWelds. O. 
Dahl and S. Sandelowsky. Stahl und Eisen (Duesseldorf), Vol. 50, No. 47 
(Nov. 20, 1930), pp. 1639-1642. 

Welded Roof, Footscray Factory. Mechanical and Welding Engineer (Sept. 
20, 1930), Vol. 4, No. 9, p. 301. 

Welded Steel Structures. World’s Tallest Welded Building. O. Adams. 
Welding (November, 1930), Vol. 1, No. 13, pp. 903-906. 

Welders Training. Development of Welding Department at Carnegie Insti- 
tute. S. E. Dibble. Welding (October, 1930), Vol. 1, No. 12, pp. 830-831. 
Welding. Major James Caldwell. Sheet Metal Industries (December, 1930), 

Vol. 4, No. 8, pp. 689-691. 

Welding. Outline of Welding and Allied Processes. F. T. Llewellyn. Metal 
Progress (December, 1930), Vol. 18, No. 6, pp. 95-98, 100, 102 and 104. 

Welding a 14-Story Building. J. L. Faden. Elec. World (Nov. 1, 1930), Vol. 
90, No. 18, pp. 824-829. 

Welding Applications. Oxwelding in Plant Maintenance. Oxyacetylene 
Tips (December, 1930), Vol. 9, No. 5, pp. 91-96. 

Welding Equipment. The Manufacture of Welding Equipment. C. A. 
acre West. Machy. World (November, 1930), Vol. 21, No. 11, pp. 475- 
478. ; 

Welding Machines—Smoke Removal. Solving a Smoke Removal Problem. 
P. R. Jordan. Sheet Metal Worker (Oct. 17, 1930), Vol. 21, No. 21, pp. 621- 
623 and 630. 

Welding Practices at Newport Railway Workshops—Oxy-Acetylene and Arc. 
W. Featonby. Mechanical and Welding Engineer (Sept. 20, 1930), Vol. 14, 
No. 9, pp. 293-296. The art of welding has made rapid strides at the Newport 
Railway Workshops. 


Welding Research—Germany. Central German Welding Institute for Edu- 
cationa] and Experimental Purposes in Halle a.d. Saale. G. Nicholai. Braun- 
kohle (Halle), Vol. 29, No. 39 (Sept. 27, 1930), pp. 877-881. 

Welds—Analysis. Electric Weld Contamination. L. W. Schuster. Elec. Rev. 
(Lond.), Vol. 107, No. 2761 (Oct. 24, 1930), pp. 710-711. 


Welds—Corrosion. The Effect of Contamination by Nitrogen on the Struc- 
ture of Electric Welds. L. W. Schuster. Engineering (Lond.), Vol. 130, No. 
3380 (Oct. 24, 1930), pp. 538-540. 


Welds—Testing. Testing Welded Construction During Production. Chem. 
and Met. Eng. (October, 1930), Vol. 37, No. 10, pp. 609-610. 


Welds—tTesting. The Strength of Electric Arc Welds in Structural Mild 
Steel. R. R. Blackwood, Commonwealth Engr. (Melbourne), Vol. 18, No. 2 
(Sept. 1, 1930), pp. 50-55. 


Welds—X-Ray Analysis. X-Ray Analysis with Portable Equipment. C. 


ag Elektroschweissung (Braunschweig), No. 10 (October, 1930), pp. 
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Their words 


as swift 


have wings 


as light 


An Advertisement of the American Telephone and Telegraph Company 


WE Live and work as no other people have 
ever done. Our activities are pitched to the 
swiftness of the instantaneous age. 

Whatever happens, wherever it happens 
and however it may affect you, you may 
know it immediately over the wires or the 
channels of the air that carry men’s words 
with the speed of light. Business and social 
life are free from the restrictions of time 
and distance—for practically any one, any- 
where, may at any time speak with any 
one, anywhere else. 

The widespread and co-ordinated inter- 
ests of the nation depend upon an inter- 
course that less than sixty years ago was 
not possible in a single community. This is 
the task of the telephone wires and 
cables of the Bell Telephone Sys- 
tem—to make a single community 
of our vast, busy continent wherein 


Mention the “Journal 





a man in Los Angeles may talk with an- 
other in Baltimore or a friend in Europe 
as readily as with his neighbor. 

It is the work of the Bell Telephone Sys 
tem to enable friends, families and business 
associates to speak clearly and immediately 
with one another wherever they may be. 
Its service is as helpful and accessible on 
a village street as in the largest cities. 

To match the growing sweep and com 
plexity of life in this country, to prepare 
the way for new accomplishments, the 
Bell System is constantly adding to its 
equipment and bettering its service. To 
this end, its construttion program for 
1930 has been the largest in its history. 
This System at all times accepts 
its responsibility to forward the 
development and well-being of the 
nation. 
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The name Torchweld is one of 
the outstanding products in the 
industry because they have al- 
ways been quality built which 


Write for Catalog No. 29. 4 secures confidence of users. 
‘FORCHWELD EQUIPMENT COMPANY 
224 N. Carpenter St. Chicago, Illinois 








The New CESCO M &L Goggle 


Designed for those welders 
who require the use of eye-glasses 
for defective vision. Fits directly 
over the welder’s own spectacles. 

The Cesco M&L goggle deserves 
your investigation. Write to your 
Jobber for descriptive pamphlet. 


CHICAGO EYE SHIELD CO., 2300 Warren Blvd., Chicago, Ill. 


ELKONITE DIES AND ELECTRODES 
FOR RESISTANCE WELDING 


Last 10 to 80 times longer than other be machine finished before welding. 
die material. Increase the factor of safety in fabri- 
Make cleaner, better welds, with les, cation. 

shrinkage. Can be used for high speed automatic 
Weld parts together with a fine degree operation. 

of accuracy enabling smaller parts to Booklet on request. 


ELKON, 


Division of P. R. Mallory & Co., Inc. 
New York—Detroit—Indianapolis—Chicago 


"TZ 
nhs 
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ANNOUNCING 
WILSON 
RED PROCESSED 


Arc-Welding Wire 
AFTER 
ONE YEAR’S SUCCESSFUL TRIAL 


IN INDUSTRIAL PLANTS 





ILSON’S policy of thoroughly convinc- 
ing themselves of the uniformly high qual- 
ity of their products, before widespread 
distribution, permits them to recommend a 
trial of Red Processed Wire for your general 
purpose welding on steel and cast iron. Write 
for samples and prices. There is no obligation. 


WILSON WELDER & METALS CO. INC., 16 WILSON BLDG., NORTH BERGEN, N. j. 


WILSON 


WELDING MACHINES AND WELDING WIRE 


Mention the “Journal of the American Welding Society.” 
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Since 1911, Meco Oxy-Acetylene continues 
to improve and show greater efficiency. Exclu- 
sive features invariably mean standardizing on 
Meco aiter the first trial. 

Multi-Seat Regulators deserve your immediate 
investigation. Write now. 


MODERN ENGINEERING COMPANY 
3411-13 Pine Blvd. St. Louis, Mo. 














RECO ECONOMIZER Saves 4 Ways / 


-—— i 
i{ <-7e) 
il 4 


ntenar 
for yourself... Price 
B acket $2 15. extra 


BASTIAN-BLESSING 








Bulletin No. 901 


May we send you Bulletin No. 
901 describing BURKE Arc 
Welders in detail? 





 BURKE- 


BURKE ENGINEERS will be glad to confer with you 
and help you in the working out of production and 


maintenance problems where Arc Welding can be 
of assistance. 


Their contacts with the industry for many years 
may be of help to iT in your particular problems. 


Alternating and Di- 
rect Current Motors Fr Universal Motors 


c cto 
and Generators, eee a “Daskslec 


Moter Generator ELECTRIC COMPANY [Mision Cos. 
Sets, Arc Welding * trolead Termina! 
Equipment main office and works: ERIE, PA. Blocks 


SaALBS AND Service OFFICES IN PRINCIPAL CITIES 
Our Advertisers Are Supporting the Society. 
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Modern Magic 


eo is modern magic in the process used 
exclusively by General Electric to transform 
high-quality steel rods into G-E welding electrodes 
—each type outstanding in its class of application. 


But no magic is necessary for you to obtain the 
most successful results in your work when you 
buy G-E welding electrodes. Eight types are 
pictured and described here, and more are being 
developed — all to meet the most exacting welding 
conditions and give you the exact electrode you 
require for your welding jobs. Adequate stocks are 


always available near you. 


For complete information and prompt service, 
phone or write your nearest G-E office. 





Industrial t 
GENERAL ELECTRIC COMPANY 
Schenectady, N. Y. 
SALES AND ENGINEERING SERVICE tN PRINCIPAL CITIES 
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Cast-iron knuckle joint after repairing 
with Tobin Bronze Welding Rod. 


There isa suitable Anaconda Fill- 
er Rod for every bronze-welding 
eur . Principal Anaconda 

elding Rods with their melt- 
ing points, are listed below: 


for oxy-acetylene welding 


Tobin Bronze* . . 1625°F 
Manganese Bronze . 1598°F 
ee | Cg 1634°F 
=e ag A ee” 1625°F 

lectrolytic pper 1981°F 
Silicon Co ae. «ee 
Phosphor Bronze . 1922°F 
Everdur* ... . . 1866°F 

for arc welding 

Silicon Copper . 1981°F 
Phosphor Bronze . . 1922°F 
Everdur* . A 1866°F 


*Trade-marks Reg. U. S. Pat. Off. 


Ausfowod 
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TOBIN BRONZE 


WELDING 


averts costly shut-down, 


Saves working gang 


$800 


in wages 


CENE: Shepaug Tunnel, near 

Waterbury, Connecticut. Time: 
2 P. M. Gang of 32 men at work 
constructing pipe line known as 
Steel Brook Project. Work inter- 
rupted suddenly, as knuckle joint 
in arm holding inlet door, breaks 
under strain. 


Engineer in charge figures five 
days to get new parts, with loss of 
$800 to working gang ...to say 
nothing of costly delay in progress 
on job. 

Problem put up to welding ex- 
pert, who rushes equipment to 
scene in tunnel and repairs fractured 
arm by oxy-acetylene welding with 
Tobin Bronze. Machine ready to 
operate again at 8 P. M. Construc- 
ticn resumed . . . layoff averted. 


Actual welding time 30 minutes. 
Materials used: 24 feet of acetylene 
... 24 feet of oxygen... 1b. of 4” 
Tobin Bronze. Typical of service 
Tobin Bronze Welding is rendering 
industry today. 

Full information on Tobin 
Bronze and other Anaconda Cop- 
per Alloy Welding Rods contained 
in Publication B-13. Free copy on 
request. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Conn. 


Canadian Mill: ANACONDA AMERICAN BRASS LTD 


New Toronto, Ontario 


ANACONDA 


WELDING RODS 


Our Advertisers Are Supporting the Society. 
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Reproductions of oscil- 
lograms taken in testing 
two welders under du- 
plicate conditions, 


THE FLEXARC DIFFERENCE 


-».a PROFIT margin 


ORE bead deposits per second 
with less electrode sticking, 

less spattering and less arc blowing 
losses account for the SPEED and 
QUALITY of FlexArc Welding. Yet, 
the additional worth of this Westing- 
house development costs you nothing. 


The speedy performance of Westing- 
house FlexArc Welding machines is 
the result of a non-surge welding circuit, 
permitting quick recovery of arc 
voltage. The speed of these machines, 


Write for a sample of FlexArc combined with the easy-arc charac- 
Electrodes. Below: the FlexArc 4°98 ‘ 
200-eapane portable tain. teristics of Westinghouse FlexArc 


Electrodes, has converted minutes of 
arc fighting into minutes of skillful 
bead-laying. 


The nearest Westinghouse office will 
give you full particulars concerning 
FlexArc Welding equipment. 








Service, prompt and efficient, by @ coast-to-coast bdiipie of well-equipped shops 
—— sail 3 . - —— —_— 








Tune in the Westinghouse Salute over the N. B. C. Nation-wide Network every Tuesday Evening. 


Mention the “Journal of the American Welding Society.” 
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/t is RESULTS that count 












lt is 


“Wicked” 
to Gamble 


with 


WELDING IRE 


if-:' is anything worse than an unsatisfactory Welding Job 








we have never been able to discover it. Here you want 
reliability plus. And it is no place to gamble with mine-run 
materials. 

Page-Armco Welding Wire costs a little more, it is true, but 
it is also worth more. There are no spoiled jobs, no wasted labor 
through lack of uniformity or inclusions which prevent uniformity 
in the finished work. 

Page-Armco Welding Wire is flame-tested. Ask experienced 
welders and they will tell you it is shop-tested too. It is the wire 
to use for either gas or electric welding and is exactly processed 
for the type of work you have in hand. 

Your welders will do better work and faster work if you back 
them up with the best in materials. That is one reason 
why users of Page-Armco Welding Wire and Electrodes 
find them a true economy. 


PAGE STEEL and WIRE COMPANY 





An Associate Company of the American Chain Company, /nc 
General Sales Office: New York Central Building SYMBOLS 
230 Park Avenue, New York, N. Y. oF oo 
District Sales Offices: Chicago, New York, Pittsburgh, San Francisco bg 


Canadian Distributor and Manufacturer 
Frost Steel and Wire Co., Limited, Hamilton, Ont. 


PAGE ARMCO 


FLAME-TESTED SHOP-TESTED 
WELDING WIRE AND ELECTRODES 





Our Advertisers Are Supporting the Societv. 
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' ww Touse Willson- Weld Glass 


is to have the assurance of positive pro- 


NA 


——_ = tection against all dangerous light rays 
TRANSMISSION T ts 
WILLSON-WELD PERCENTAGE | RECOMMENDED 


j #non- 


' 
SHADES2-12 | 'tg" | oa | vis pees USES 
DANGEROUS | avurious 























oo vot aed gendaioneabeel 
} Heating furnaces, welding 
2.7 am | 40.3 observation, lead burning 
| and other work involvin 
percent | of one | per cent g 
per cent | j low temperatures i 
or See. Lond 
4 00 | 8.9 For operations similar but 
of one | per cent | per cent more intense than No. 2 
| ber cent | 
: Sekt | — —so 4 
For light acetylene welding 
A | 00 3.3 and cutting in dark places. 
| of ae Per cent per cent Smelting furnace work 
pero 
- |———_}——______—_ —_ 4 
05 .0O 1.7 For acetylene cutting and 
of one | per cent | per cent welding 
| per cent | | 
Se es eee a Sa ees 
| q | Most widely used shade for 
00 00 | 1.1 general maintenance work 
| per cent | per cent | per cent at acetylene welding and 
| cutting operations 
+} | —_— + —- =. 4 


- For heavy acetylene weld- 
00 00 | .16 ing and for electric welding 


per cent | per cent | per cent up to 20 amperes. Also 
| carbon are observation 


——————SE | 


| 
.00 00 .028 For electric arc welding 


yperations up to 209 
per cent | per cent | of one 








amperes j 














per cent 
OR: 2 eel? 
For electric arc welding 
00 | .0O 005 operations over 200 am- 
° cont | esat | fence peres, also atomic hy- 
-¢ att | ~ cant drogen welding | 
i i ail tchdtns sible bo ae yo 





| WILLSON PRODUCTS, INC. 


READING, PENNSYLVANIA 
U.S.A. 
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...feports the welding superintendent of a large 
New England plant. “Although I use several makes 
of welding wire, I use only Roebling for those jobs 
requiring exceptionally strong, absolutely depend- 
able welds.” 

A user of Roebling Welding Wire for 15 years, 
this man has tried every make of welding wire on 
the market. it is his opinion that Roebling Wire 
is outstandingly superior. And, like thousands of 
other hard-headed, experienced welders he pays 
more for it because he knows it saves in the end. 


: ‘I get much better fusion with 
r Roebling Welding Wire” 


We invite you to convince yourself of the superi- 
ority of Roebling Welding Wire. Any one of our 
offices below will gladly furnish samples of either 
gas or clectric welding wire for testing. 

JOHN A. ROEBLING’S SONS CO., TRENTON, N. J. 


Wire - WireRope + FlatWire + Copper and Insulated Wires and Cables 


New York Chicago Philadelphia Atlanta Cleveland 
San Francisco Los Angeles Seattle Portland 


4 
ROEBLING fizz] WELDING WIRE 
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4 MEN .- 


-= will receive 917.500.9090 


- = will be recognized as the 


outstanding figures in their industry 


Witt You BE OnE Or THEM ? 








HE Second Lincoln Are Welding Prize Competition offers you 
: en opportunity. The $17,500.00 prize money will be awarded 

to the forty-one persons who submit the best pepers describing 
the redesign of any product or the design of any proposed 
product to be fabricated by the are welding process. The division 
of the $17,500.00 prize money will be as follows: 





FOR FIRST PRIZE PAPER ° ‘ , ° ° : $7,500.00 
FOR SECOND PRIZE PAPER . ° ; ‘ ‘ ° ‘ 3,500.00 
FOR THIRD PRIZE PAPER ‘ ‘ . ‘ - ° . 1,500.00 
FOR FOURTH PRIZE PAPER . . : ° ; . 750.00 
FOR FIFTH PRIZE PAPER . : . : ° : ‘ 500.00 
FOR SIXTH PRIZE PAPER s : . . . ° “ 250.00 
FOR SEVENTH TO FORTY-FIRST PRIZE PAPERS . . . 100.00 each 


The attention of industrial executives will be focused upon the win- 
ners of this competition. This is your chance to prove to your 
company and other industrial leaders the merits of your ability. 


Write today for complete information regarding this competition. 
Address: 


THE LINCOLN ELECTRIC COMPANY 
P. 0. Bex 683 . Cleveland, Ohlo 
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““Waverless Flame” Regulator 
A Two-Stage Oxygen Reducing Valve 


Assuring a steady flow of oxygen without fluctuation. 
A new departure in diaphragm construction of the first 
stage valve. 

Full cylinder pressure will not cause any damage, there- 
fore no safety to blow and put your regulator out of 
commission. 

Can be used for either Welding or Cutting. 
Nothing complicated in repairing, either first or second 
stage, should the necessity arise, and can be accomplished 
independently of one or the other. 





We can supply the “first stage’’ as a separate attachment 
to be attached to any make of regulator giving you the 
benefit of a two stage regulator with your present 











equipment. 
K-G WELDING & CUTTING CO., INC. 
| 515 West 29th St. New York City, N. Y. 





a ee 











Have YOU Tried 
Swedox Welding Rods? 


If not—why not send for free testing samples of 
our wires? 


We will gladly give you any information you de- 
sire as our experience in welding covers a period of 
over twenty-five years and our experts are continu- 
ally seaching for newer and better methods. 


Gatital Siéel be Wite (ompany 





4545 S. Western Blvd. East Monument Ave. 5001 Bellevue Ave. 

Chicago, IIL. Extended Detroit, Mich. 

Lafayette 8500 Dayton, Ohio Whittier 6780 
Garfield 3666 
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the Right Ala 
for Every Job 


OW—every length of Premier Welding Wire has the 
name and grade plainly stamped upon it. This means, 
not only the use of the best wire—but the unfailing 

selection of the right wire for every job to be done. All guess 
work has been eliminated—perfect results are assured every 
time. 

Today—make sure of better work at less cost by specifying 
these free flowing, deeply penetrating and tested wires and elec- 
trodes. Write for samples and complete information. You 
will not be obligated. 


PREMIER 


WELDING WIRES 


AMERICAN STEEL & WIRE COMPANY 


Subsidiary of United States Steel Corporation 














CHICAGO NEW YORK 











AND ALL PRINCIPAL CITIES 
Pacific Coast Distributors: Columbia Steel Company 
San Francisco—Los Angeles—Portland—Seattle—Honolulu 
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we ty, 
PRODUCTION WELDERS 

iti 

Crp? 


‘B 





THomson-Gissp WELDERS 

SPEED PRODUCTION AND IN- 

CREASE WELDING QUALITY 

ON PIECE OR PRODUCTION 
WoRK. 





Complete lines—of spot, press, butt, seam 
and flash welders. 





We will be pleased to assist you in solving 
your welding problems. 


THOMSON-GIBB ELECTRIC WELDING COMPANY 
General Sales Office 
BAY CITY, MICH. 


Factories at 
LYNN, MASS., and BAY CITY, MICH. 
Manufacturing 
Are, Spot, Seam, Press, Butt, Flash, Wire Fabrice and Special Automatic Welding Machines 








Higher Efficiency 


and 


Lower Costs 


in your cutting and welding work are dependent on the 
use of a carbide which produces 


More Heat 
for 
Less Money 


National Carbide in the Red Drum 
Saves You Money 


NATIONAL CARBIDE SALES CORP. 
342 Madison Ave. - New York, N.Y. 
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Proven, inexpensive, 


practical, and simple Railway 
in its application to all Steel Mill 


classes of work involv- 


ing the repair of mee Railroad 
dium and heavy size 


sections of iron and Marine 
steel, “ia 
Mining 


Quarrying 
General Industrial 
Metal & Thermit Corporation 


120 Broadway, New York, N. Y. 


So. San Francisco, Chicago, Pittsburgh, 
Boston, Toronto 














CUT OFF ALONG THIS LINE 


Bound Volumes 1930 





The Bound Volumes of the 1930 Journal are 
now ready. Twelve issues have been bound to- 
gether in attractive imitation leather, together 
with a Subject and Authors’ Index. This repre- 
sents one of the best sources of current welding 


information. Price $5.00. 


A few bound volumes for the years 1925 to 
date are available at the same price. 
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MEMBERSHIP APPLICATION BLANK 





AMERICAN WELDING SOCIETY 
33 WEST THIRTY-NINTH STREET 
NEW YORK, N. Y. 


Secretary : 
I hereby apply for Membership in the AMERICAN WELDING 
SE OO Ooo sac Keke ere ee whe ben ceca’ Member and attach 


(Note Grades on other side) 
hereto remittance of $........ for first annual dues. Remittance 
will be refunded in the event of rejection of applicant. I also 
agree to abide by the Constitution and By-Laws of the Society. 


Present occupation 


Name of Company and Address ..... 


Residence 


Address for mailing 





mere is request- 
to state here 
length of welding| -:°--''':**ccccccc ctf 
experience and proc- 
esses involved, also 
to record any tech- 
nical or mechanical 
experience or special ren tute sce | See 
interest in the weld- 
ing field. 











References : RES Ce 


(at least two) (2. .......... 


Proposed by ... 


“see eo eeeeeeeeeeeeeeee 


(See other side) 
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Section 2. 
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QUALIFICATIONS FOR MEMBERSHIP 


Extract from By-Laws 





ARTICLE I. 


Individuals having received the approval of a majority 
of the Membership Committee shall become members 
of this Society upon the payment of dues, except in 
the cases of honorary members, who shall be elected 
by unanimous vote of the full Board of Directors 


Membership shall be divided into five classes: 
Sustaining Members, being individuals or individuals 
delegated by corporations, firms, partnerships, etc., 
interested in the science and art of welding, with full 
rights of membership. 


I a Fe $100.00 


Members, being individuals interested in the science 
and art of welding, with full rights of membership. 
Engineers or individuals competent by experience or 
training to plan or direct welding operations are 
eligible to this class. 


PE Ts + ce cieled Vike 00.0 se $20.00 


Associate Members, with right to vote but not to hold 
office, except in Sections as may be provided for by 
the By-Laws of the Section. Supervising welders, 
inspectors and skilled operators, with three or more 
years’ practical experience in welding, are also eligi- 
ble to this class. 


POO... ess + 0 Hh ss oh annne $10.00 


Operating Members, who are welders. or cutters by 
occupation, without the right to vote or hold office 
except in Sections as may be provided for by the By- 
Laws of the Section. 

Annual dues, United States and 

Coes Vebdei tees b AaE Bcc $5.00 

ee IERIE, ss 5 «+ acece baa $10.00 


Student Members, who are actually in attendance at 
any one of the recognized colleges and approved trade 
schools, without the right to vote or to hold office ex- 
cept in Sections as may be provided for by the By- 
Laws of the Section. 


pS eee $2.50 












aa BEALL, Pacific Coast et . 
a —_—— 
DIRECTORS ~ 
(Officers listed above are also me * ws of the Board of get 


< pid : 
Term Expires 1931 re «Beis Term Expires 1983 rcomiasots 
A. M. CANDY po Ba J.J. Crowe R. H. ATKINSON 
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"AST RESIDENTS 

. A. ApaMs (1919-20) [. F. BARTON (1923-24) 

. H, Depreter (1920-21) H. Ewertz (1924-25) 

. W. Miter (1921-22) Bs ad “AG. Onmize (1925-26) 

A. McCune (1922-23) ~~ BLM. Paimer (1926-28) 
FP. T. LEEWELLYN, (1928-30) 


Se 


CHAIRMEN, STANDING COMMITTEES 
Executive—E. A. DOYLE es A. M. Canby 


Finance—C, A. McCUNE eis < s and Papera—P. W. Swain 
M Patios 









American. - then 4 aioe U 
(RESEARCH DEPARTMENT OF SOCIETY) 


C. A an De + EM. Howart, 2nd Vice-Director 
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